o %
Q ’JIU
R
%

%ﬁ‘
Jn

t & K5

CENTRAL SOUTH UNIVERSITY

710 s S VAR 7488

A % # 8- T e AN A Y A ) 1 e B S T St

WF5Y
R E L T
2 #. + b HAL 2 TR
FR (&) mekr S TR

w2 BN GO, AR RIERD



3
ok
d
c
w,
aQ
B
\%jb

Tk ke (VA28

e RN TR B e B R T UMY X
The preparation and superficial modification research of
high melting point stainless steel foam

B & ot 4. M
?ﬁF%% AL TR

Fhe (R P 1Beklas S TR
S A A (HED
eS80 R (E2EE

SR cZ I N

2008 7F 5 H



A2 07 18 3L S

Mz

SEIR AR S R S RE, ARG T, . BRUR. i Ve &
A SRl 52 BRI 2 I A o e R S VLR FH T A S v I L s A S
LT 710 N 101 = 2 W W = W SR B S W N = T R ey R N TURE R e
ARG A BN P HT 5o SR, H AT A 7V OR BRI T vl A 1R B FH
S S A ERE, DR, W0 A ) s R s B AR B S M K. A s
LT T RAT R = 4Bl AL A5 0 B dR M AE AR I e L2, IR
WAl B s AN AR VA T T sl AU A P RO JE b ek REEA T T 0 T E 9T IR
P N

(1 BN TR O R, $R 2T Hl 45 T SRR AL 2
AV SCHERT I AR R SEAE b, nhil s L 20T T o ), a4 20 3047 1 IR Fn
Bedh, mIIA AT R U =4l fLE5 A AN B AN VA AR

(2) IR R CIREE . SR MR 47 AT IR AR DSC-DTA 20 #r, hil5E T R 4K
R EAS I T2, AR 7 AN Fr B, 7E 200°C ~600°Cil 5
JGIHE A, #EH] 1°C/min () THEIE BN, b4 51 7E 300°C H1 600°C fri 60min.
WRRSS, ANHEA FRes i, IR R IR A G, WA AL R
Ja, BN REZNR, BR8] O ai i, AR T — e AL .

(3) XN LR okt g AU B BR AL BE AT TP FEMR IR, kG
SERIM MR T 2 — e il IE . RIL, E AR R ) ih R 1 LB YIahak
LB LA S, B B8 JJHER], N ERIE RS RS A, PEBEA
RIS, & @R AR B2 kA= 0k SEHE, M A e AR i Bl 2 1 48 /N BR %L
HIEZ, AR TRg B,

(4> XFBENE 5 B RT SRR EAT FLA A I, AN AN LA 1 25 B FH 2 i
A7 2R R TR T s 8 O, AL AL 2R B (R TH S s s HUa A2 AR 1200
CH| 1260°C 2 [W) 2 b il FE T+ = H9 oK, Ml BT 1260°CJa, s
BT P IAEG s DRk ) TRDH ) i 20 L 2R i e . LA FNPL S s I 52
M) A 8 2 40 S M S 1 s B o I el o) T (1 A, e 1) i 1100 2 00 2 T N 28
WARZRIGR, DU, ALK, febediid i, an R R B
BURANR E R, AR AN = AR R B T AR . AN
AL e s T 2S8R 1260°CHLEE T rild 60min, 78I T 244 T HI1FA
AR, BT RO =4l fLasi, BaskiareAa, AR KN Imm A2
i, L% 81.4%, PLEGREEN 56.8MPa.

I



A2 07 18 3L S

(5) FLBGZ S M AR il A PR D R R ) BN 55, R Z 4
AR RS )AL B 2 15 I 40 =ORN 3 ik Jo 55 A it PRI A TR R, DT ASE T v it 4G
A RIS JE3 Db PG o T 455 1) i 0 e &5 % 15 B A e L EE (R T 36K, A
I, B e g il AR A T e 4 il i B e A A P R e P PR

(6) $EH T —Fhit— D3 s AN A TR IR BT =il A R FEF e 19 v
R ANEE AN A AT [ b AR B0 HEVB BR AR B o [ A0k A 0 MV B0 A 38 T AN 5
BRA R T L) 100 pm AR 2, BRI EDX /- kB, R
()i o B 2 22.83 %, B IR SEMAZ AI46 5%, 13)2 3 2 H NiAl f NizAl
IS SHBERFPEREAT AL AL BE, A7 RIS LA B 5y . HAEfk
O A AR R R . XS LG T B AR AT G AN BN B T RS A, RILE
ERACEERERS A R B b mR A RN S e, X R EUR TR
TR TR R B A2 LR T A AR SRR b A o0 AR I 1 — 2D Sk
FJE ko

REgE B, A, SR, RRB . dlm AL

II



il =247 18 ABSTRACT

ABSTRACT

Metal foams have been widely applied in chemical industry, metallurgy, energy,
aviation, automobile and architecture industry due to their special structure and
performances. With higher specific tenacity and excellent oxidation resistance
performance and corrosion resistance performance, the high melting point metal foam
is found an increasing application in the automobile exhaust treatment, purification
gas and high- temperature metallurgical melts. However, the present preparation
technology of melting point metal foam has limited the application scope and the
practical advancement greatly. Therefore, researching on the novel preparation
technology is significant. This paper mainly studied the preparation technology of the
stainless steel foam with 3-D and open-cell network structure and high bending
strength, and how to enhance the oxidation resistance performance and corrosion
resistance performance has also been analyzed. Main research conclusions are as
follows:

(1) The preparation technology of precursor had been found in the work by the
group. The present paper had carried on an improvement to the preparation
technology on the basis of the initial work. The stainless steel foam with 3-D
open-cell network structure could be obtained by debinding and sintering the
precursor separately.

(2) According to the DSC-DTA testing of polyvinyl alcohol, polyurethane
sponge and precursor, the thermal debinding technology in vacuum is formulated in
which the process will be divided into four stages. The sample was heated up by
1°C/min and kept warm at 300°C and 600°C for 60min. After debinding, the organic
compounds could be removed effectively with no size and pore morphology change;
some sintering necks were formed to make the sample have certain intensity.

(3) The removing mechanism of binder has carried on the preliminary discussion.
In the debinding process, binder needs certain channel to remove. At first, the initial
surface pore formed on the surface of sample; as a result of capillary force, internal
melted binder were aspirated; at the same time, the metal powders rearranged with the
mobile of binder , which is advantageous to the densification of sintering.

(4) During the sintering process of precursor, with the rise of the sintering

temperature, the apparent density and linear shrinkage rate of the sintered products
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augments, the open porosity reduces, the bending strength increases with the hoist
of the sintering temperature from 1200°C to 1260°C, after the temperature exceeds
1260°C, the bending strength reduces; with the soaked time prolonging, the
apparent density, linear shrinkage and the bending strength of the sintered products
augments and the open porosity decreases, but the influence degree is markedly less
than that of sintering temperature; in sintering process, if the elevation of
temperature speed is too quick or the sintering temperature is too high, defects such
as distortions, collapses and cracks may generate. The better technical parameters is
to sinter the precursor at 1260°C for 60min, in which a stainless steel foam with
aperture size of about Imm, open porosity of 81.4% and bending strength of 56.8
MPa can be obtained.

(5) Pore is the primary factor affecting the oxidation resistance performance and
corrosion resistance performance of the stainless steel foam, numerous pores with big
size will increase contact area with the oxygen and the corrosive medium, thus
causing the oxidation resistance performance and corrosion resistance performance
reduce. But with the rise of the sintering temperature, the density augments, therefore,
it is advantageous to enhance the oxidation resistance performance and corrosion
resistance performance.

(6) Pack aluminizing technology is introduced to enhance the oxidation resistance
performance and corrosion resistance performance of stainless steel foam. By the
pack aluminizing technology on the stainless steel surface, the aluminized layer with a
thickness of about 100um which is mainly composed of NiAl and NizAl can be
obtained, and the good adherence can be seen between the layer and substrate; the
EDX analysis of the aluminized layer indicated that the content of aluminum is
22.83wt%; a compact and uniform film can be formatted on the surface of aluminized
stainless steel foam by conventional thermal oxidation treatment; compared with the
untreated stainless steel foam, aluminizing treatment can effectively improve
oxidation resistance performance and corrosion resistance performance due to the fact
that further oxidation and corrosion on substrate is held back by the compact film

from the oxidation of aluminized layer.

KEY WORDS stainless steel foam, thermal debinding, vacuum sintering, pack

aluminizing, oxidation resistance performance
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Irfik s B 500°C LAJG FUEFEARA LA A 2840 . (K] 3-3 FTLLE HY, ATIRAALE 129.20
CHA— AR, WS E] 129.20°CHELE 2 (A1 0.3488% M E K, XnlHE
& HH TR IR A 1) D R S KT 3 3G 7R 223. 00°C FT 246. 19°C %A — MU,
I H 223. 00°CIF4A% 315. 87°CZ 0145 7. 281% MY EE B4k ; £F 336. 35°C WA
— AN R A, 1) 503. 34 T 7. 344% K F RS, TR L 31 FA 3-2,
FATTAT DA 1K — L 58 90 ] PN 1 2R T B A o 2R S T N R s VA 4 (1 4
GBS

R CIRBER R G B 4R A0 o P RO R, e AR R AU, SRR
AR A TR AR A AR N Sy, I, #E 200°C ~600°C iR I A T R AN
KPR, 753 o BT IR TR, PSR .

3.3.2 REETZHIME

FRPE T 1H ) DSC-DTA ik th 2k, v LAz #Ulifig T2, B 3-4 N ARSZE ik
TR R -Tibe 45 L 2B e, Bl g 20 A DU B 26— Bl =il ~200
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Bl 22 A 18 S 5= BTKAR BB DT

C; BB 200°C~300°C; 2 =K 300°C~600°C; 600°C LS A 5 YR
Bto F3X LAY Bty 20 G 1 2 BEBY B I Tl s Pl B S PRt N ] o f
i S N E G AT AL PRI o R R PR, R I SR BT, AL i AR
MRS FEOAFE IR, SR E. DAY 0 R T k. 555
JU, AR T WL 23 Aft il B e 3ok 78 K 7 =Xk T B e o

800

600

200

0 200 400 600 800
FJ TR /min

B 3-4 FTIRAK 4 ARG -TRELE T2

B MWEELL 3°C/min (TR N A 200°C £ 30min, LLFR
ZRTIRAR A K s AU R AR %% o 25 . =B B R BB R 2R LM T
RANRIFL, 15 200°C ~600°CHLEEIE N, 2R ZM 1 R 2R Sl WG 4 o) R K
SRR A, SARTEIR SRR R S RO = AR N g, BRI L R AN B
KPR, #E26) 1°C/min B TS B, Hrdr 2 milfE 300°CHl 600°C R 60min.
UG, ATIRAAH AN IR, EIRFE SRR iE, Fk, 755
L BT HESE DU BOAIRFE I Tbe 5 B, BA S°C/min [ T JH R THEL 22 800
CHETHURS, {Ri 60mins

EI3-5 4 A IR AR I G T 5 (1 2 TS, INEIRT LA S TBENE i A 3R 1) R~
FEARWAT A, PR T AT 2B, 475 BE 8 2 1) DR B TR LB S . 14136
SE NG PIRE 4 Jo T IR AR T T IRISEMI Fr, nTCUE S, IR I WL IR Js, B
NREA, FLPR 0] CIERG FeE 30, RFEEAA T —E SR, segh
DT AR FI e &5 ik R b (R T AR AL, 45 RanEI3-TT 7R . M Ih 2 mT LU
It T8 22 A i IR AA ) B A Ok R BER AR AE400°C LY, BB HLY) 2 A
X B BOR AR R A, X SR IDSC-DTAZ AT 45 AW &5 e MG 600
"CRITIe &5 L 800 °C Z Al i fe AR AL AR W /N, B BB BN T2, ArgRfk
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BRI O TR RRBOIE T ST

AL C 2B R o 0 AR o R A SR AR REAT 1 e ik, A&
0.29% /A7, 3L ANEBAN ISURE AR IR 5 1, I U A ML AE B Bl 7
RIS IR, BRI S S e ek A RO, 5 B IR o A i T
frgeai R it — 2 bR

B 3-5 ATARARBLAR AT /5 09 2 L 5
(a) BLAS BT (b) BLREE

am s mn

AR T

B 3-6 BLAGIXAEBT 2 49 SEM & A B 3-7 BLAg PR L 242 AT IR 69 2 AL
3.3.3 FESFM R EIENEIE

h T G R B T A ) L BB AR L R AT DR L R () R
MRS FEREAT T LUER, EI3-8 AR AU IR M2k, 558 25414 BL1°C/minfH)
T THE B TR A AN RIS A, IR LRI 30min.

FH AT, A RIS T IR I — 4, BRI I T s, T
AW, H, EAS NREUR PR R X RO AR
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BRI 5= RTIRAR IR

AN B IR IL T, R A AN U S AN B I s ) 228
Ko AEREEFA W Z A 2IAMRIA T, FLREAE IR 1) BT, MRz UK,
M 78 A EABAT D PR, A S s I UR R, RS AR 72631
Jis 55 ARSI T 1) s g ZE R /NS, AT ARG 4551 R 28 AT B /N 28 A B (R
HEHE o

200 250 300 350 400
L/ C

B 3-8 RE AS T 49 BLAS Hh &

3. 3.4 ARSI AE thRE 4530 AR ER AL IR AR

A 2o e I R 1) DR B A TGl A il B AR B B, AR A A B
N, R4l 28 A RO B BN FLEBTITE , N, A R ARG A
P AR R R BB T 7, 28 A0d A S o b 2 UG T B T 5 8 P 241
WIZE R (5 3-1) ol

V,, =V, =V, =K (Cyy —Cpr) =Kot/ RT(Pare — Put) (3-1)

R, e WASHEE IR GRS, mol-om™

Con PRESZEVAM)E, mol-em™;

Ky —VRAR SRR LT, s

Doy —— KA LA 287 UL, pas
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BRI 5= RTIRAR IR

P INEE 785K, pa;

V,—— IR ARG S FII AL SE, mols™;
v, — R4 E, mols;
m——%%ﬂ%ﬁﬁﬁﬁmmM%

DRI, O 285 5] 1) 2 U0 7% R 38 P B e T DL R MR 28U S IR B 28 VAR (1) 2
B, R 9MRZER R B TR VUR S, Mg R4 vl REZ8 Kk . MIOU A1 FE 43
T, ARHR AR IR, IR PR &5 3R i R AR RO T, 475 Rl R 45 )
2T B Ao 5K I VR T M LA Bl MRE, S AR B T v e Al 4 RORY 25 571
I8, FEAE T R AA O A LB T 1T B A o L 32 B R T o WD an 2R T
FLBRIE ARG &5 Al A B R T HE, BRI ATl R .

3.3.4. 1 ¥IEEREFLERTE R B 53

TERTIRAAR T, R A A BB RG &5 I 78 . TR AR b, KRG 4 I B B 5
T IEIE, R, w BN R MY I R AL . M BT s i, Ry
SFIF IR, AR ER, TERAAS. TR V2 SEEk, M
IR 1463 Jm A ARRLARIEANE —, BT LUK K Z (A1 43 T R /NS — 1R 5 B
s R RN, &P E R T BB E .. R /R AR, e
2M
pr

Rﬂm%: (3-2)

ﬁl:':l’ p’ ’%Kjﬁﬁ%ﬁg’ pa;
p’— VAL Z5VE, pa;

y—— WAL K ST, Nom™';
M—— AR BE R ik, kgrmol ™
p—— AR, kgrm™;
r—BEE, m.

E—EWET, 7, M, p. Ry T p 305 Akl gh e 2 B i A
W, WRRHE A, v oM, ADNEBRAZRE L RS B2 RN, 75— i
JEE T S R 285 B G A 38 1)V (1) 28 0 T D 20 ] BB 1) 1R 0 1 7 /s 2 B A e &4
AR, AR /N2 BR AR T AR B, ik, M IEAE, NS BRAL R R
BN, REEFF IR SCA S, BEANZEF K AR K, DRI TR &5 KL Se 28 /N S BRANTE K
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BRI 5= RTIRAR IR

ARG EE R IR, /A MR AL 2 R R LI o 350 A2 R i B 4] 4 =4 T L B
L. HoRE K 3-9 prat,

B 3-9 ks A mILIRT T & B
3.3.4.2 Mg Hsh H KL E Ak
WIER T ALBE LA S, B TR0 JIHERT, AR AR A FRRG 45 70 R 4
Wt o BB G 25 700 1R 1 FiT A4 P 3 1m) R TR R B, A IR/ 4 e f A BE 2
PR RIEBAE ST E AR
P, =% (3-3)

R, p BANERZIMINE ), Pa;

y—— AR, Nom™

I SE’IK;%EEF;//{%’ mo
MARATLUE H, BAE IR RN S8 B AR U B o 20k &5 77 5L A 20 A

FERIARZ AN, AR R s, AN BRAR IR 8RB A LA (RS 45 71K 4 i
N RAL . IRIEBARTNIT B L, R SRR 4N AL, TR
AE IR TGRS A PR 45 PR A 2R i, AT TG FLB . )%a AL
BT B FRD [RS8 20 /) 11 < Je oy oA A B A 5 445 791 1) 8l T s 1 12
T AT A3 i S R T < R /N ER BRI 2 o s BRIABURC D, AR e i,
W DAAEBARIRIR R 34T E4S « I, B/ R ER I P s 55 e 46 I
HHES G A

i fE FLBS R B m B AE AT CIREAT VR 2. H AT & B — PR 2 -
PG FUBT I OR > IXLEIEAT FLRRIK AR TR SRABL TR T, OB IR FL B 1 A R
T, AR A P oK T (R FLBRUIE TE (n & 3-10 Fras ), R4l 770Ky
VA T S ) L BB AN T i A1 PR
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BRI 5= RTIRAR IR

1,."
3

X XF "! 4} S\ LYK T
. gL vig
&
poy ;Ii
‘ -

[ 1] [
atg .. = ...I :
v » Se:e X
»® ,'a"u"*.ir.‘l# ".“'.‘.-
'.1 AATPAS 25 Lt Y )
A . '.. ‘ . Fa'
e ® o] aiwﬁ‘. ‘H."
X DR A A XIXT D

YTX I

B 3-10 B7ER4R A FLIEE 38 44 32 A8 AR A
3.4 KE/hE

JIR A AN B Rl 26 T Z AR AR DGR — 2D . Azl A T B

(FBENE T2, FERT P NE I A2 oG 25 700 B BR MLER AT T W10, SRAS I =2
ST
(1) SFE T ANFE R i s, IHEE AT IR PR PR A . SR G 45
G, SREHIES TR, A LRI ARE R R T
(2) MIIRER Ol T NG 4R AT IR EAT DSC-DTA 341, il 7 #Bi IR
TE, KaEARBRE LR AN B fE 200°C~600°CHLEELE Y, $aH] 1
"C/min BT BEInE,  HoAh2» BIZE 300°C AT 600°C 195 60min. fifiE 5 R AL
RN ZGME, WA IE NIRRT RS, HROR 2 [H O 8k
orpesi s, AR RA T —EMmE.
(3) FEMifleit #E b, KR4I R B TR 2 — e il aE, Nk, EefeiliE R g
AR AR WIaGR LB LG, BT B4E IER, WIS
(RORE 5 R, PERE RG2S 7R RS, sk ARl 2 & AR R EHE, i A i
R G IRFE R 58 DR 2, AR TR sl .
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BRI SEVUEE BEs T 20 AN IR L RE K S0

FHE RETZXNAHNRRER N

4.1 5|8

(iR A ESR 7 N 1 o e Db R U N i St = A R o T S
HE L Ee Sckbn b, BRalihl i K PE RERR S i A4 i) il o L2 e B L 2 B RAH R Ah,
RS AR RIS B — A FE M N 58 o R A JEAE il Rk AR BRLRG 45 4E —
AR, 2R TR AR ORI TR S A SR W 5 o A 0Rs ST
XL R ORI ALIRTES . JT LA PUa s . Pl e PEANE 5 1

PES .
4.2 IREHIERITHE

4.2.1 BREANBNEE

fER AR S, A LT 58 a8l Tk AR S m PR BH LA R, R
BRI AR K 2 T A, B RIAFAEXS T8 R BE 45 B BEANA T 45 55U
e AR S 37HL IXAE 2 BB e 45 1 i 1 B0 AR P 1T LR PR fE
23 AR A USRS UK X, TR AT JE T Y, PR g i R gk
FEAIE e Sl Uy SO e BB be 4l SR mbe il TR R AT AR B2
X

bedli 7 ST ZAFE R R B A B s be 2, o SUIR I Be Sl X oy i
PEAURIRAP e G R SRR R S o R AN R e &5 77 XA 2 e il 1 e lie i
YU EEEAT T XL, S B 1260°C, LRI [8])2h 60min, 455U
4=1 B

R 41 RRIBess 7r XA Bess ) ook GE 69 %

Btk 7 X KB E (%) wEi%E (MPa)
AR KL 15.1 38.6
[AMRIY L 19.2 49.3

Ak 22.4 56.8

M A-1 AT LA Y, 2RI S U s R AR B, SR B A ML
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BRI SEVUEE BEs T 20 AN IR L RE K S0

ZEBRAE IIFE i BURARE W] v T IR be s, i b S i SUE R
e, AUBRTE BE Rl o XAy 316L AR AR I R S8 32 22 O AL
IS A AE SRR3R T N A REiR L, DRI OR P be 4 AL 23 8
2 FIRE i B AR S T IR RR Al s o, AR IRITBE ST 2 IE IR AR A
A By AR B AE SR P B BCEAL, 0 AR 08 A Be s il il ki
IR CAL, B AR a W ) DI A AR i, SEI e B0a el fig
RAF 4 = Hbe il wh A PR RE
Nk, e e Mg, JAMES R R kPl s be 4l s 2

4.2.2 REFIENBE

Z AL BHE FEARBR AR SEAEL 0. 5T 5 R BT KN B) [ pe4h, (5 A58
2 AU BT A A R BB g, 104 be & i FE st ZGEE 1 0. 6~0. 8T 4 1%,
TERRE IR, BRI ERAIG, Begh il i BUR AR A pediil il s, S
Ak Z O, AR AR TSGR . T34, 3161 ANEEERA R 1M AR
1371°C~1398 °C Z ], fERZAINEET, TERGBAHE ML 2K T0 e DAL,
h TR BB LS, N EAR RN 2 LR Ak, AR SLIIE A
1200°C ~ 1300°C 2 [71] % 545 2 il 0k 1l ity M 5 52 11 o

ARSI T BOR B IR A 3I6LANEE AR A, W UR AR s Redl, F2%
P HOFIAL T2 . 78T e e g BT, SRAM BUTHR T2, e rfbed; T
SHE A1 A TR R, THEE R A5 C/min, THEb R, 2585 P
A Ik DT I TR AR o T LA RS BRI A 1, LR PR Tl e
PR T 7850 AL T, s a4k R LB 78 E— T, FefmmiE, Bilg)s
PR B A /N4 B, DIHEAEB00° CLR IR 30min BASE 4 L BRAR &5 R 0 it =), 15
W25 35 J ™ i G Bk, AR A AR IR RILAOIN 1A R R T J T P e
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BRI SEVUEE BEs T 20 AN IR L RE K S0
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1200
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0 100 200 300 400 500 600

B 8] /min

B 4-1 KA RE T
4.3 ER51HE

4. 3.1 BRE5 R & 3 e 45 I R M BE O R2 R

ARSI v e S5 T AN AN IR (1 1 A AR KR SE e, R, il
AR UM R s IR s, S EURA RN BPIR G P HUIR, B fL
R IR, A S BT SRR PR B SR T, SR AR U eIk,
T AEAS B T 7 B R T AL IR G548 o AERfE T RBHZE N 50g/100em * 247,
ERERIAE R-325 B (44um) 1) 316L ANEFEN AR AT T, ALK T4
JEPERIAE 1200°C~1300°C Z IAJJ5E 2 il 20T il it P B TR 52 1 o
4.3. 1. 1 Je iR FE X 305 B 1
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BRI SEVUEE BEs T 20 AN IR L RE K S0

T T T T T T T T T
1200 1220 1240 1260 1280
®E/C

A 4-3 BERELSERNEEM XA

T T T T T T T T T
1200 1220 1240 1260 1280
BE/C

B 4-4 BesbiR R R E R X F
B 4-3. 4-4 NBREATR LS R H L MEM iR 2 ] [k R ik, i nl
W, A LN LM A R HATHVBL AR EF,,  BIRE R O 8 R el 4 %
B BE AL (T, DR AERE Y DX LE LA (¥ m] g i [N
el SRR YR DR, BRERIR T R, A BN, T
IERER R R, B ARURL 2 8] A A AR, AL AR RR Y TE ebe 4 33 R ST
XA %, ARARY HIORIA% B fs AT 70 HEAT, JOREZ [A] AR A4 g 0 T 1) 55 14
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Wi-E2 40 I Besk T LRI A

B A DN AT B ) it R R i, FLREE e AR 22 i AW B A BRI Bk, HoR st
e 4-5 Rt LB RO, A AL 1 00 R 2 M 34
Ko BT ZSAVPHTIREE C=Ae™™" (Horh p A — 20T H M RS K
NPIRZEZFHO v F0, T, AR, T T RSl A )
oA 3 N B0 AL AT,

(a) (b) (c)
A 4-5 el P EMEAILRAB IR, R 69 T AR

M 4-4 I0 7] LAE R Zlicdd 2 A\ 1260°C 2] 1280°C 7 /E T HLBCK )
Ak, X AT HE AL R A Y B G BEIA B 1280°C I, BRES AR FFUA I T AH, N
JE T RE SR IGAR T, I FLAS 1269 1 25 VLR 4 D ) SR e i A A B HAT K AL
T, REEZ I ARG ST REGIIRE, BARAEE, i ST IR
FHIFE S SURISC A . DR, EFE 1260°CHe gl e nl 43 2 BE A XS i i 22 FLAR
AR B AR AL

K 4-6 s T AR B T I ITF AL, W] LLG H T AL AR Bl R 45 1 1 1)
TEETTIRN 3% F TR ey, R R PR 45 A iR PO, e &k R I 3508 4k
FEFE By, [T AR 3 O, T AR 1R F AL 3R I8
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IR VATS'S SEVUEE BEs T 20 AN IR TE RE K 520

T T T T T T T T T
1200 1220 1240 1260 1280
BE/C

B 4-6 REBESFILRHXZ
4.3. 1. 2 BREEIREEXT 1 PERERI
4-T hesiil 5P s 2 MR M. W rTCAEH, 7E 1200°C
~1260°CZ[A], Beafilh BTy, WA YU s W] B 4e . ARYE Griffith 5% 2L
o=+2Ey/aC W1, WIS J) op SEAPERTR B RRIELL. M#PERE E 5IFAL%

FHUF LR

E =E, exp(—Bp) (4—1)
AH: B—HG
E, — AL N F W MR B
p——FF LA,

T 70 BT R o, BEAE B SRR R Ty, be sl SUs AR Ry, JT PRI
AN ISR EIE K, PT25 RS vy 1T 3R L 1260 °CJa il (M52
I S /N A2 IR DA SR ) EE BR300 L0 At ELARE = A 7™ FE AR 1 5 1 1
PEAE 2 AR LA LN, P A G I B4R 8 O 2
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B2 (8 5 VU Pes T 20 AR IR TE RE I 520

|
/

38 3% E/IMPa

N
o
1

35 L

T T T T T T T T T
1200 1220 1240 1260 1280
mE/TC

B 4-7 BB ERTRENE A

4.3.1.3 JREMRENHLH LR W

K] 4-8 g ZE M [F) AR 18] 60min, 1240°C A1 1260°C 1 15 31 ()b 46 Ak FLEE 4>
FHE, AE Ga) vl 0L, BN 1240°CHY, kegh vk 2 [0 7= 8 Rl 44, Mkl
FIURE 2 TA) T FeJoe 45 300, e 45 25000 Ja] AT SR A AT R K AL, 8 2 R LR 8 v
FLBRERAGAR BEAR, 1T B A A S i i IR R 1260°CHY, begh Rtk 2 W] (1)
GEAFEARSE R, TR RO 2 1) R e 45 S0 B8y S 25 6 TSR IR /INRORE &
H R RIORE - ORE 5 JOR [F) FL R ES et B gD, FLAR IR AR/, FLBRBR AL FE B 31
Ko EXWBH], FemiRaiimps, PeaiiRmsas sergm, fLBRE TR, AR T %
PEREMI P iy, X ST AT A — 2

(a) 1240°C (b)1260°C
A 4-8 RRERE TREA S 2B R
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IR VATS'S SEVUEE BEs T 20 AN IR TE RE K 520

4. 3. 1. 4 PRE5R FEX U iR E AL PE AN A kP F R

K 42 AR BE RS 19 BB S5 K b 7E 800°C N ARG A, LRI LA
Fih, BEERAR LTS, AR RS FE i () A R R BRI S, BY]
B2 L I3 = A A T3 s b g5 A it L i il e AL

K 42 TRIBRLEIRE TR ) faLig T &

e skiE TR B R EX A BARIE & & (mg/g)
() 10min 30min 60min 90min 120min
1200 4.56 8.37 11.55 13.10 14.47
1220 4.22 7.53 10.18 11.84 13.21
1240 3.71 6.72 8.84 10.44 11.23
1260 2.07 3.76 5.50 6.61 7.71
1280 1.93 3.34 5.12 6.55 7.18

PSR B G515 R g5 SIS 3. S%HCT W I FEMm Y, #F 50
W72 NI, HRE G 6 IRV R EE, g5 IRk 4-3 PR,
F 4-3 RRIRLERE TIREFALYBIREER

it

Y4 TRV B 18] B i ik k% (mglg)
(C)

12h 24h 36h 48h 60h 72h
1200 34.26 40.05 46.37 51.78 54.32 57.11
1220 30.01 38.40 42.69 4921 52.38 54.51
1240 20.22 27.53 37.51 45.11 49.30 51.26
1260 16.15 22.87 31.71 37.53 38.18 40.10
1280 12.18 14.84 19.65 24.53 25.98 27.76

M 4=3 WA, BREEAE LSRR I PTAALTEORR —FF, SR mbediiiE
WA M T RE SR S Pk (5 e o AT IRIFR) 20 B T 0, B A (R e o P B A
25 BE R TR 8GR, AR W] FL RS 5 M2 A BT A PRI T 1 e 10 3 2 A
7, B BRI RT R AL B 2 B0 A8 R T o S A i R B i B, A
T ASE B LA R T el A1
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IR VATS'S SEVUEE BEs T 20 AN IR TE RE K 520

4. 3. 2 {Rim e 8] 3o 45 £ ) G Mk BE B 2 R

TERE e e G5 e 7 7% LR RE 4 doe vanl JEE T (0 DR I T o D i IS T
A R A5 FEE AN T SR LB FE « FLIRTE 3 MM B BT iR 45 e o febedlid
Ry, oK R DRk I TR] 2 A8 45 1 At 1R ) 2 PR RE PTG, 3 BT A 388 I P il N ] 2%
SECRRA, TR, SR A R S AT LB IR AR, IR R ALAME LRI
AR BR, AEHOESAL, 0 SEMEIR . Rk, EERERY T 255
I, FECRUE ]S T ZEPERE A EE T, B SR LA () o 4 5 TN et 1) i
i), DAL T I G5 M A i A P R e IR DL Bt T 2ok, Asr
HESY T AE1260°C F 4 il A 20min. 40min. 60min. 90min e 4k il i M AE
AR

R A-4 JASTRORILIN TB) N S PR R R RN IT AL . AR 4-4
Hn] DA H S G DR ST 18] PR ZE - o1 ot P e WAL 4 2 1 K, (LRl s TR0 1) i
WKC A8 (1) 5 M 28 7N T8 25 9 P L P 52 ), PRt IS ] A 20min~90min, 26 0 4 5
INARAL T 4.3%, 124355 M 1200°C 2 1280°C, il &4 F 24240 T 9.8%.
WL P58 R R e i AT AH R A8 A 34, b Bt o Rl B T () S T 36K, g I
LEESZ MR

¥ 4-4 REVRIBETIE) 69 2 E B . Bolids R Fe L%

FRET R (min)  RMFE (g-em-3) KKEE (%) FILE (%)

20 1.22 18.5 85.7
40 1.38 21.1 82.3
60 1.47 22.4 81.4
90 1.50 22.8 80.1

Bl 4-10 TR T 1260 C b T A [R] PRI I TR i 0 i 5 (15, [
DU, RS DRI I TR R, ISt DTS SR BE S OK, IS [A] AN 20min A2 44 2]
60min i}, H125 50 M 46. 1MPa 34 i1 1] 56.8MPa, 125 58 F& 14 i b 4% K, 76 60min
H190min 2 [H], PR I TR0 25 5 L PRS2 M) LU /N o AR 2 R 98D et P ]
ZEK, HAMRHE LU EIR 2R, 7E0iE 60min LUS PR IR R]6) i 5 iR 7 e s
M AR AR /N s DR AS SI2 56 B 24 s AR B 1) 24 60min
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60

N /
.E“p

A3 50+

7% JZ IMPa

3

45 ; . ; . ; . ; .
20 40 60 80 100

AR IR B 18] /min

A 4-10 PRREF A 5T RE X A
4, 3.3 RE TP RISRPE ST

FERREG RLRE R AN 45 5 2> Abe 25 1l it = AR H A BB AR TR AR B
— EUIXSRG A, R LR 1 D SR REA ML, IR AT W] AL
PR, DA, EREE I RS G ) B0 Y e 4 i PR RE RO BSUE T R S E L

4-11 FIE 4-12 Jg e ai B i THELR TR LU AR 4530 5 i AR A i B 7
. K 49 rTUUE Y, TR PR AL i D4 it = A2 T R A
4-10 H, Be A ANV TARKIIZREL, 1y Hiad Pl 7)™ =N IR AT,
X B N D be i P L Ry, A5 I i T A5 T GRUR I 1 28  FL T A T
SECIRGI AN T3hh, WA A LR 2 kB Hah, Wi R A A 1
.
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IR VATS'S VU s T2 ANERANHLIRTE RE K52 W

BRAEE 2

A 4-11 R KEFEBRBTER A4-12 BERALIZ T AHBTER

4. 3. 4 AL FHTAFMLREREHR S NS

HHI-325 H 316L ANEMR AR 5k, RENERS R 20ppis 24
0.3mm, R EHE NEALE 50g/100cm® 2247, BEEH &8l 66.7wt%.
I NG S5 BT RT SR ARAE B B S IR . 1260°C LIS Fhest 60min. B 75 2 FLEEZE 14 .
Kl 4-13 (a) (b) A ETIRARFLAL T 244 N HlA5 A AR R 1) = MBS,
AR, WA T AT LA %t BT R AP = Yl fLES A R AR, AT %
R, FEMIRAORRRIRA B, IR, LARTBSEGE: AR L AL
T oA 15 HHAT RAF ARG o

B 4-13 ATERAR B LEIR G 5 LT 5%,
(a) FTBRARE MR 50, (b) BREEARE K 5%
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IR VATS'S VU s T2 ANERANHLIRTE RE K52 W
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