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Effect of TiC Particle Size on Wear Properties Reinforcement
of Martensitic Wear — resistant Steel

Yang Jianhua

(Hunan Valin Xiangtan Iron and Steel Co. ,Tid. )

Abstract The slabs with same composition are produced at different solidification rates,and the slabs are hot —

rolled according to different compression ratios. After heat treatment, TiC particle reinforced martensitic wear — resistant

steel with the same composition, hardness of 450HV and the TiC particle size of 1.88 ~ 3.20 pm is produced. The re-

ciprocating sliding wear behavior of TiC particle reinforced martensitic wear — resistant steel at different loads is stud-

ied. The results show that with the increase of the wearing load ,the optimum wear resistance corresponding TiC particle

size increases from 1. 88 pm to 2. 60 pm ,of which the wear mechanism is abrasive wear,oxidation wear and delamina-

tion spalling.

Keywords TiC particle reinforcement, Martensitic wear — resistant steel, Reciprocating sliding wear
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 E AR EMGESA RS 13MoNi6 - 3 4RI IG A S RS 215 AR 4R, SR o R A
TR ARAR WA S AE R S, SRR YRR N 0.2 ~ 1 C/s i, IRBMR W FEBH LU R
BRI MR R 2 ~5 °C/s B, IR RS BN R R BOGARLL B D BRI AR EIR G 414 44
HEE R 10 ~75 C/s B, REHAR FIAEAR H ZURRLR I A Bk R ik,
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Determinating the Static Austenite Continuous Cooling
Transformation Curve of 13MnNi6 — 3 Steel
Plate for Low Temperature Vessel

Gao Yalei',Yao Yao’,Yin Weijiang' , Guan Xiubing' ,Xu Tengfei' and Wang Tiantian'
(1 HBIS Group Wusteel Company ;2 Metallurgical Industry Education Resource Development Center)

Abstract The critical point and continuous cooling transformation curve of 13MnNi6 — 3 steel plate for low tem-
perature vessel are measured by dilatometer, and the effect of cooling rate on the microstructure and microhardness of
the test steel plate are studied. The results show that when the cooling rate is 0.2 ~1 C/s, the transformation struc-
ture of the test steel plate is ferrite and pearlite. When the cooling rate is 2 ~5 “C/s, the test steel plate can get a mix-
ture of ferrite, pearlite and a small amount of granular bainite. When the cooling rate is 10 ~75 “C/s, the phase
change structure of the test steel plate is granular bainite and a small amount of ferrite structure.

Keywords 13MnNi6 -3 steel plate, Microstructure , Austenite , Continuous cooling transformation curve
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Effect of Rare Earth Element Ce on High Strength Steel Plate
Q620E for Large Mining Vehicle

Lu Xiaoyu'”, Yuan Xiaoming', Huang Li' and Wang Shaobing'

(1 Technical Center of Inner Mongolia Baogang United Steel Co. ,Ltd. ;

2 Key Laboratory of Rare Earth Steel Products R&D Enterprise of Inner Mongolia)

Abstract The effects of rare earth element with different contents on the mechanical properties of high strength

steel Q620E for large mining vehicle are studied by means of the pilot plant testing platform ,the tests are carried out on

the microstructure ,inclusions, impact fracture in order to analyze the effects of different rare earth element content by

means of Zeiss optical microscope and scanning electron microscope. The results show that the strength of Q620E steel

is increased by more than 30 MPa and the low temperature impact absorbed energy value is increased by more than 30

J under the joint action of grain refining,inclusion size reducing and dimple fracture dimension increasing with appro-

priate rare earth element content,which not only reduces the alloy cost,but also guarantees the strength and toughness.

Keywords Rare earth,High strength steel, Q620E , Microstructure , Inclusions
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Research and Development of Extra — heavy
Q345R(R - HIC) Steel Plate

Wu Lisong,Li Yangbing and Huo Yuanyuan
( HBIS Group Wusteel Company)

Abstract Based on the technical requirements of thick wall clean steel for pressure vessel project as well as the
equipment features of the 4 200 mm + 4 300 mm twin stand wide and heavy plate mill and heat treatment line in
Wusteel , extra — heavy Q345R(R — HIC) steel plate with thickness up to 201 mm and high technical requirements are
successfully developed by improving chemical composition design, optimizing rolling and heat treatment process. The
mechanical , physical and chemical composition testing is carried on the as — developed steel plate. The results show that
the microstructure of the 201 mm thickness Q345R (R — HIC) steel plate developed by Wusteel is of typical mechanical
mixed structure including ferrite and pearlite with good comprehensive mechanical properties, HIC and SSCC proper-
ties ,which is applicable for manufacturing various devices such as circulating hydrogen desulfurization towers of hydro-

genation refining unit, cold high — pressure separator, inlet separation tanks of circulating hydrogen compressor and nat-

Vol. 30,No.2
April 2024

ural gas desulfurization unit.
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Study on 120 t BOF Steelmaking Process for Thermal
State Slag Recycling

Luan Wenlin,Liu Zhiyuan, Wang Chongjun, Yao Jingwen, Guo Wenbin, Liu Tao,
Zhang Junhai and Zhang Yunpeng
( Steelmaking Department of Tangshan Medium and Heavy Plate Co. ,Ltd. )

Abstract In order to improve the utilization rate of the thermal state slag for the converter, Tangshan Medium and
Heavy Plate Co. ,Ltd. analyzes the formation mechanism of the slag in the melting process of the converter ,explores the
way of thermal state slag recycling and performs the test of slag — remaining + double slag process. The first heat is melt
and tapped with slag — splashing fumace protection technology without deslagging operation in accordance with the origi-
nal single slag method, the data is solidified in the model on basis of the Si content in the hot metal , the end — point bi-
nary basicity is controlled to values between 3.5 and 3. 8. The second heat is melt by double slag melting method ,40%
to 50% slag is removed firstly and slag — splashing furnace protection is carried out then after tapping , which completes
one set of normal melting. Simultaneously,the basicity of the first heat is controlled to values over 3.0 with automatic
control of recycling slag formation method by various measures such as optimizing automatic melting model for auxiliary
lance , increasing the converter bottom blowing intensity , revamping the double slag oxygen lance. After the implementa-
tion of thermal state slag recycling,the FeO content in the slag is decreased by 2. 1% ,the consumption of iron and steel
materials is reduced by 4.355 kg/t,the production process of low P content high — ended grade steel is stabilized with
increasing the hit ratio by 22.5%.

Keywords Converter, Recycling slag, Oxygen lance , Bottom blowing intensity, Slag basicity,slag — splashing fu-

mace protection technology
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Technical Analysis of Increasing Output Capacity and
Decreasing Fuel Consumption of the Reheating Furnace
in Laigang Heavy Plate Production Line

Wang Xinlong
(Strip Mill of Shandong Iron and Steel Co. ,Ltd. Laiwu Branch)

Abstract In order to reduce the energy consumption of reheating furnace rapidly and effectively, the factors influ-
encing the fuel consumption of the reheating furnace, the heavy energy consumer in Laigang heavy plate production
line, are analyzed,the technical revamp is performed on the basis of the actual condition at site. The charging sequence
optimization improves the charging pace,the single piece weight and the hot charging rate are increased by expanding
hot charging and hot delivering slab type structure,the maintenance cycle and service life of the reheating furnace are
extended by the corresponding measures of reheating process optimization, the temperature decreasing mechanism at
rolling interruptions and furnace body energy conservation. The annual production capacity of Laigang heavy plate pro-

duction line is increased to 1. 723 million tons, and the coal consumption index is reduced to 1.424 GJ/t,which has a-

chieved the expected result of improving production capacity and reducing energy consumption.

Keywords Fuel comsumption, Reheating furnace, Hot charging and hot delivery,Radiation, Qutput capacity
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The Influence of Electrode Coupling Looseness on LF Refining
Process and Optimization Measures

Wang Chongjun, Liu Zhiyuan, Yao Jingwen ,Guo Wenbin, Wang Wuxian,
Luan Wenlin,Song Wenqiang and Wang Fei
( Tangshan Medium and Heavy Steel Plate Co. ,Ltd. )

Abstract  Electrode coupling looseness is a common problem in LF refining process, which leads to unstable
temperature distribution, poor exhaust gas treatment result, increased refining time and energy consumption, decreased
product quality and production efficiency. In order to resolve the problem of electrode coupling looseness, the production
data is analysed and optimization measures are proposed,the electrode coupling stability is improved by means of elec-
trode tightening technology application. The results show that the higher electrode coupling stability effectively improves
the electrode conductivity and flow field uniformity,increases the heating up rate,improves the temperature stability, re-
duces the energy consumption and refining time , increases the product quality and production ,which fills in the research
gap of the effects of electrode coupling looseness on LF refining process, provides a new idea and method for further im-

provement of LF refining process.

Keywords  Electrode coupling looseness, LF refining, Temperature distribution, Energy consumption, Product
quality
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Effect of Simulated Post Weld Heat Treatment on Q690E
Steel Plate for Pressure Vessels

Wang Fei, Xiao Chunjiang,Liu Yangiang, Yao Yuanfang and Li Zheng
( HBIS Group Wusteel Company)

Abstract  With the normalization of the application of lightweight quenched and tempered weldable fine —
grained steel for hydrogen tank. The requirements on the conventional and post weld properties of the steel become high-
er. The quenched and tempered high strength steel Q690E for the new type of pressure vessel has high strength, high
toughness and good weldability, and there is less reduction in simulated post weld heat treated strength and impact
toughness. This article investigates the mechanical properties and microstructure changes Q690E steel after simulated
post weld heat treatment. The results show that the addition of Ni,Cr,Mo and other alloying elements is beneficial for
improving the comprehensive mechanical properties of quenched and tempered steel, and the effect of simulated post

weld heat treatment on impact toughness is not significant.

Keywords SPWHT, Cementite , Microstructure
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Study on the Wear Resistance of 400HBW Grade Commercial
Low Alloy Wear - resistant Steel

Sun Yu'?,Lin Jianghai’** and Jiang Shaoning*”

(1 Shanghai Saijiang Precision Machinery Co. ,Ltd. ;2 Shandong Sun Wear — resistant Parts Co. ,Lid. ;

3 Shandong Machinery Design&Research Institute;4 Qilu University of Technology)

Abstract The wear resistance of 400HBW grade low alloy martensitic wear — resistant steels 27MnTiB and

35CrMo is investigated by friction and wear experiments. The results show that compared with 35CrMo steel ,the average

friction coefficient of 27MnTiB steel is smaller. In addition, the white light interferometer measurements show that the

wear trajectory of 27MnTiB steel is narrow and shallow,and the wear volume and wear rate of 27MnTiB steel are less

than those of 35CrMo steel, demonstrating better wear resistance. Scanning electron microscopy observations reveal

plough furrows and debris in the wear scar morphology of both samples, and delamination is found in the wear scar mor-

phology of 35CrMo steel ,indicating that fatigue wear occurred. The wear mechanism is discussed and the factors affect-

ing the wear resistance are analyzed.
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Research and Development of NM500 Grade High Strength
Low Alloy Wear - resistant Steel

Li Hang', Yin Shaojiang' ,Zi Wensheng',Qin Kun',Zhang Xue' ,Hao Xin' and Li Kebin®
(1 Tangshan Medium and Heavy Steel Plate Co. ,Ltd. ;2 Technology Center of Tangsteel)

Abstract In the research and development process of NM500 grade high strength low alloy wear — resistant steel ,
stable production of high strength low alloy wear — resistant steel with good matching between plasticity — toughness and
hardness is achieved by designing rational composition system and quenching + tempering process. Brinell hardness
scale falls between 489HBW and 528HBW , the full martensite structure is discovered at the thickness cross — section in
microstructure observation. Impact abrasive wear resistance comparison test is performed on the finish steel product of
typical process,the results show that the relative wear — resistance of NM500 grade high strength wear — resistant steel is

superior than that of NM400 and NM450 grade high strength low alloy wear - resistant steel , which is 8. 30 times higher

than that of Q355B grade high strength low alloy wear — resistant steel.
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3K04997 J5- 250 mm J5 BE % 5 B ARAN R
FrimiE 1R, SRR AR R 30 45 2R 0 LR A C
K059, diflo REMPHHEI MHE =
XG0 S s IR RAL AR B

250 mm JEJEHLHE NMS00 2t P 4934 5 0 12
JBET7 10 ERGETCR M UNGR 2 i o

Fz2 NM500 & EREHBEEERFATESH(RESEH) %
R 16 C Si p Mn Cr Nb Ti B
] 0.303 0.272 0.007 1.000 0.443 0.013 0.025 0.016

174 BEEAE 0.301 0.271 0. 006 0.990 0.442 0.013 0.024 0.016
b 0.274 0.260 0. 007 0.950 0.442 0.012 0.024 0.016
T 174 R A 0.299 0.270 0. 005 0.970 0.443 0.013 0.025 0.016

TEEm 0.302 0.272 0. 007 1. 000 0.444 0.013 0.024 0.016

)R T IR SREAL 5 oL K C i
IR KR, 7 0.029% . Si B HTERRE
T7 083 B IR R ZE M 0.012% , P FEE 2 HH
BRRZMEN 0.002% , Mn J5i & 73 H07E 0 KR
i, K #EMERH0.05% . Cr\Nb.Ti B 54 14)E
FETT 1M 53 A3 5], TUR R S B AR o
2.3 #ELTZE

H TG SIUR T MG BUS B 0 ¥
fift , 1] b CRAEAN EE A 4 5 R 3 BRI 1
1180 ~1250 C fRIEMSIHI7E 1.5 h DL 1, JHEREN
MBS N . R PTG B AL H , — B BT

¥LIRE 1000 ~1 100 °C, F7iR % 880 ~ 930 Cifff7
TR BEELH . RESEEL IR P4 AR FLHIE R T R
KF 13% , IARAIE B FCAR R 3 5 0 L AR I8 R
RN &, DRI . SLJ5 PuE A A, B/
BB ELASIRT , AR 5 404k
2.4 AR BEANRE B Se R
PELIMRIE A GRIR R ST E AL B A E
880 ~920 C, & — BB Al 1R , 72 B K AL A 1
Tk Ab L, BEREKE 1500 ~4 000 m*/h, 1§
JE B3 /K & 500 ~2 500 m®/h, #3% 0.05 ~0.45 m/s,
REERERE W E o VKRBT IRR ] ok AL B,



52 2 AT, 4 NM500 25 12 56 B2 IK-Ar < T B 400 A Bkl FF ¢ - 41 -

[ K IELEE 190 ~350 C, 1727 ~1791 MPa, i3 10% ~18.5% , —20 C

XA R B AL JAL BEAS NMSO0 i BE 4R wivelaZh 35 ~74 T, 1R} 1 SRR i B O B8 2 4
BEAT PR A sp T P BRI, SR AT R VAR A9, 2 489 ~ 528HBW Z[A], S ¥ A2 E AR A
T JREE 1/4 b RO BERIN , 40 3 B HH gF‘ FoR, W HALHZA NM500 2% i 5 4R 2.1k
K3 AALJBRIRREE 1195 ~1 397 MPa ffis i A, H)R B A4 S IR A, K 2,

F3 NM500 Z=38 R & SN N F MR RE REEEEN

BE/ R, R,/ Ay, /% i REES KV, (k1) / KRR (HBM) EREE 14 EE OHEE
mm MPa MPa C J XA fE EW E(HBM) ( HBM) (HBM)
10 1758 1330 10.5 -20 35,39,49 511 517 516 515 510 505
14 1791 1325 18.5 -20 45,49 ,58 509 511 504 512 504 498
20 1729 1397 15.5 -20 67,63 ,69 512 528 522 527 520 511
25 1739 1204 10.0 -20 58,53,57 498 510 499 511 500 491
30 1727 1195 13.5 -20 74,73 ,68 491 499 504 502 497 489

2 pm
(i T (b)) /44 ()L
B2 PUbFEZS NM500 ¢ 55 (R A & it BB N T H 2R
3 WEEHR A FERE R AR, K Q3558 P HR AR il A XT
31 RBAST Y WA TR ACERAIIEE 4 FR, AP T L% S
SR NMA00 . NM4S0 . NM500 Z& it s T, Do
=4 REARBLERS (RESE) %
8= C Si Mn P S Cr Ti Nb B Als

NM400 0.17 0.27 1.03 0.014 0. 003 0.614 0.022 0.015 0.0015 0.026
NM450 0.23 0.25 1.11 0.014 0. 003 0.657 0.025 0.014 0.001 7 0.030
NM500 0.29 0.25 1.02 0.013 0. 003 0.425 0.021 0.012 0.0015 0.026
Q355B 0.17 0.20 1.38 0.023 0. 003 0.012 0.026 0.016

£S5 HEANNILERALELESTE

g ZWRIFFLBRE/C KELEE/C ROBE/C BARTE E kT
NM400 912 846 671 890 C x50 min 200 C x75 min
NM450 925 857 668 890 C x50 min 200 C x75 min
NM500 909 836 675 890 C x50 min 200 C x75 min
Q355B 924 812 671
3.2 HBHZ b RHE IR, 1 BOX IS AR SR, B

FEHE TR DAL RKER T (10 x10 x30) mm b, REFTELHE,2 4
P AR T R IAE . Bl WS SO B REEK 45 SWEAT



L 42+ IEAR

%30 %

ke, HAE R0 ST2HBW, i F _Riflke . e T
NEEIE 3 BN,

10x 10

30

@0
s e = yifﬁ:mm

K3 e IR g

MR R b B A S8 I R 24 90 min, 45
F% 30 min FRE K FERKFRERT, R I
THUEAR TS UE 1S min, BEERT, I BRINE
FEBE PR 2R T 35 B R B, o AR DU B (E R
Ko, AN 0.000 01 g B FRF BT
DRI A S AR R E R, 0 Hm S
HTITE .
3.3 KBRS0

BAETEH &SRB N B, I 2L Q3558
B ARHERE , T3 RIS I AR 4 | 1058
RN 6 iR

6 RIIWAIESRE S A TEYE

BERE/ g

B/ i P A2/

we 30 min 60 min 90 min (g+-h1) (h-g) AT
NM400  0.1663  0.3300  0.5110 0.34 2.94 4.45
NM45O  0.0996  0.1701  0.341 1 0.23 4.40 6.67
NMS00  0.0506  0.0899  0.2739 0.18 5.48 8.30
Q355B  0.5622 13478  2.2747 1.52 0.66 1.00

F NM400, NM450 ., NM500 2% it B8 40 DA K
Q355B AR AR T sl BT R T BB RS
BILE, L Q355B #AF N2 B Xt S48 B AH YT irf
Pho R 6 IR, [ — MR REE phob I ECRN B
FF ] AR89 , 4 1) B 45 6] ) B 5 B o

AR Y TR 4 16 B D B B8 AE L , S b g
WO B AT, P 2R 6 3 ] T, NM400 28 iif F5 4
(AT T B P F2 Q355B 4K 4. 45 4, NM450 %
TRt B 0 (¥ AH X i B 1k R Q355B # I 6. 67 A,
NMS00 5 ficf B 8 B A 0 i A J Q3558 AR A4
8.30 ff%, i A + [H K AL B T2 A4 = IR
4 e R Y P BB BA AT Q355B

4 HFig

(1) NMS500 25 35 BEAR & <5 T B 4 4 B 2
T AT,

(2) R T2 A7 5 NMS500 2% = 3 A
A4 BN R T LR R 1/4 4 LR O FREE
FERIS) ARIR P R A

(3) MR H K + KA 5, A TR Y
51, A5 U I,

(4) Tl B8 & 50 09 AH X T B 4 1 38 &5 SR R
HA, NMS500 £ ifif 2 4 F) it 25 4 B 2. 6 F Q355B
. NMS00 227} P& 40 ) AH X i B 1 L T NM400

I NM450 227t 5 4, EL o X ledt ) Q3558 4 Y
8.30 %,

(5) NMS500 £ 5 BEA & <2 it 5 4 64 BB OF

&, AR B R BT AR A T SRk, B
R Z B R Mt 28 o
S 30k

1 EB KM, BF L, % AR E X NMA0O 521 41 it
BEMEREREE N[ )]. #N T TF;,2010,39(10) ;179 - 182.

2 B, TS, ERNS,E DRETEEAN KA ERREY
S FRPAEILS B H SR PERERT ST T]. i sciE Kk
#,1983, (1) ;79 - 90.

3 AAZEA. 1500 MPa 4% B8 K B FRAR AR I AL 4R 1 5 3R b AL
AT D]. RA5: B I T K2,2010.

4 FLEEERM, A MH,%. 1500 MPa KRS SBEIRKG
WAL St aE [ T]. &8 241 ,2010,46(6) 687 —694.

5 AR REESTBEME A4 T]. P TEM R, 1990,
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TR 120 t LF RPN R B EMAUERA N A S AL LR

doOFE W oK O B
(1 DL IR 7 BRA Rl I BRI 52 BRIk IR R KA ZE )

B OB AR LF RS RO R R B R T2 I8 0 )R, TN AF BB L 120 © LF RS0 A8
SRS, BT R RV R T AT LF RSO RE b i A FRLBE 5 &4l P B AR A0 A et RICEA L T 55
WO BE AR AR S5 S5 SR R OR B A2, B2 7. LF A BRIV IR B A SO A o i BRER S Pk 77 3
5 R EFF AR R, (R TR AR 1 LA R . BRI 5 KPR B R Z R E<S TR
B2 97.73% ,AmZELEXHE <6 °CHI LB 100% .

R LFMHE W EEEE GRITE R

The Application and Optimization Practice of Prediction Model for
Molten Steel Temperature in Masteels 120 t Ladle Furnace

Sun Tao', Sun Bo®> and Wang Yong’

(1 Manufacturing Management Department of Maanshan Iron and Steel Co,. Lid. ;

2 Long Product Division of Maanshan Iron and Steel Co. ,Lid. )

Abstract In view of the excessive dependence LF molten steel temperature control on artificial experience , Mas-
teel Long Product Division takes 120 t ladle furnace as the research object,computes and analyzes effects of input elec-
trical energy,alloying,thermal effect of furnace slag, heat dissipation of ladle lining, slag surface radiation, argon blo-
wing and stirring, heat loss of flue gas on the molien steel temperature in accordance with the principle of thermal bal-
ance and establishes the prediction model of LF refining molten steel temperature. After actual production testing and
tracking , temperature measurement calibrating and model optimizing,the model achieves a good application result. The
proportion for the absolute deviation value less than or equal to 5 °C between the predicted temperature and measured

temperature accounts for 97.73% ,the proportion for the absolute deviation value less than or equal to 6 °C between the

predicted temperature and measured temperature accounts for 100% .
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44 AL

F30 %

37 420 A, RO HL s 240 ~360 V, B AR R T R4 67
13 #%, LF KSR EE T AWM N BEul— R |
i —THE JNE R — 1 H B A e - —
YU BURE — & 6 0 — — U BORE—
R IRE R — =R U R H
1 EEHBRE

B BETE S TR R 1 B9 Kol i THRAR R 1
SRR R S Pt T, 2R B LA A A o B
FRG ARG IR i R R R AR R A
AR AERE B BERE R R, R GG
SPAE, H i BERCR THE L 3 R B ], YR E
HUAAL, AT B S HREE . R P MR
o AR B e T A R R W AR TR
RO o Hesh, A A B R B P
PR TR B RN e S R
FALTHR A 75 R SEAEF AR AN R o

T WEFE LF K Mo A rp 4 9 RE o B 1) A2
LRI , T BRI 5T — I ) B N A, BV RN 4
EEH ARG BE RGO R R, BRI Rk
HR() ~K(3)o

Qi =0Quc Qi =E —E¢ = Qi (1)
O+ Qalloy =Q, + Qslag + Q. + 0 + ans +

Quust + Qtine + Qupen (2)
Ty =f(Ty,0Q4,my,C,) (3)

A, QT R i B R 2 /K5 0, —
ML= A i /K5 O, —HL IR 2R B A /KT
E—Si A\ B BE/k); Ec—2R 8% () B2 1 E
BE/KT; Qoy— B & SN P2 2L 3R/ KT 5 O, —
T A /K5 Q. B 4k B T 4 &/
Q.. — B & BRI FHE /KT ; Q2 T 55 5 i
KRk Q. — W T B FE K 1 Rk
Q o S AL AR IR EL/KT; Qo — B W AT
AR EL/ KT 5 Qg — R ELSP S 5 R
H#/kJ; T,—LF SR /38 B/ °C ; T,—LF 4Pt
VIR B/ Csm,— MR &/ kg ; C,— M LL S,
BUfE 0.837 kI/ (kg + C)

L1 Jg b it
WA LF B e —F o S EL g (M

W) 1% , 75—k oril it = A SRR SRR
[ 7= A L K, B R BE— TR G b 5 L P
R OKSERRHKEMBRZRARZES, 7
— AR AL S R A, TR P T
R R LF 4 = AR B 2 2P, H &4
PR AR I S (R A AR 25 , T e S At 2 A
R R T LA (4) o

Qu=3-m- Uy -1 (4)

Ao p—r BB A 2R, ST LBk 52 Y 20
WPBE 2 ~4 48,9 4 0.35 ~0.36,5 ~ 7 #4AT,
7 50.33 ~0.34,8 ~ 10 &4}, 5 & 0.31 ~0.32;
Uy —HIRE R/ V I— IR /A
1.2 e b

WAL, &SRB W IS FE R
3ABrBr . MIEARFG IR WAL L 3w
LIRS TH & U RIE THR P R S
I Q; FRI>-E BTLER HIR MR O, TR E AL

QB EAL BRI Qy, WAK(5) ~K(8)
Q,=[C,(T,-T,) +%+
Ci(T, -Ty) ] 1' m; (5)
0u=3f " A, (6)
Ry 7)
Qalloy=z|:Qi_(Qri+ Q.)] (8)

XF:T,—EL2TENREBE/C;C,—&
SICEREM A/ (KT - kg™ - C7) ;A H—
EEILENBEER/ (K - mol ) s M—E4&ITLR
REE/R Bt/ (g » mol ™) ; T,—& & 0K MW AE
LRIRE/C; C,—B SRR LA/ (K] -
kg™ - C7) T, —EBRRRIRE/C sm—E& 470
W E/kg; AH,—& &0 RIE MK/ (K] -
mol ) sy —A & TEMIKB R/ % ; AH,—& &
TLREMKE/ (K] - mol ™),

RIER(5) ~ K (8) FISCRR[9 ] MR T 2%
S8, U ERAAES AR LF 47 120 ¢ 4
VR R, R 1 R

x1 ERAEERAY C/kg
AEME BRESE  EEEE Rk Rk iEk A WWH  BEEKTSB
BEMERE  -0.022 -0.018 -0.023 -0.015 0.040 -0.040 0.022




2 h

¥, 45 IH4 120 + LF RS HR D 0300 B 1

SRR 7 5 AL S - 45 -

1.3 EREg

TR SRR G S TF IR B, 25 TR
SUNTHRRGRE , WA IR B G Em R IR
PERIRAL s 75 ), R A AOR A e
SERME LR A T BRI AR Q.. THHE WL
(9) ~=(10),

Qu =AH, +AH =" [C,dT + AH,

(9)
C,=a+bx107(T+273) +¢ x10°(T +

273) 2 +dx10 (T +273)? (10)

A A H—# B 8053 A9 /(KT -
mol ') ;A H—H#RMA LIPS/ (K) - mol ') ;
T—ERHR I W) R AR s i i/ C 5 C— it
LR LA/ (J - C 7' - mol ) sa.bied—
PR IR R, S5 1/ (C - mol) J/ (€7 -
mol) \J + C/mol J/(C* « mol) . HHRI# LAY
R AR E B8 a b e d A AASCHER[ 10 ] £
L REA(9) ~ 2 (10) AL M BAHIHAE A
H, JEAPEE A H DL PERS R 120 ¢ LF K45
B AR BE RN, JER 2 FTR o

R2 ERERMSWRT 120 t LF R4 R E E R0

wE BE 5 . J i TR W/ AH/ AH/ R/
T T (kJ>mol™') (kJ-mol™') (C-kg™')
Ca0 s-A 44.62 4.52 -6.95 0 25 ~2 615 2 615 83.92 0 0.014 19
AlLO; s-A 103.85 26.27 -29.09 O 25 ~527 2 054 53.25 0 0.004 94
AlLO; s-B 120.52 9.19 -48.37 0 527 ~2 054 2 054 139.03 0 0.012 91
Si0, s-A 46.90 31.50 -10.09 0 25 ~270 1723 13.21 0 0.002 08
Si0, s-B 71.63 1.89 -39.06 O 270 ~1 723 1723 93.20 0 0.014 71
CaF, s-A 59.83 30.46 -1.97 0 25 ~1 151 1418 96.38 0 0.011 70
CaF, s-B 107.99 10.46 0 0 1151 ~1 418 1418 34.23 0 0.004 16
CaF, 1 100. 00 0 0 0 1418 ~2 510 1418 0 18.20 0.002 21
MgO0 s-A 48.98 3.14 -11.44 O 25 ~2 825 2 825 79.28 0 0.018 77
1.4 Wara L — AR/ CA,—5 j Z KA RS

LF et i op, OE W B R IR Z R,
AR T2 Ak ) A0 0 PR A T S T M R A
AR, B PO A U B A LT 2o B B R iR
AW FSMER, ST FR B R R R A AR R A
o AT HE WA N ETECR B HGE, BT R S
BRLLL BT T o, # — 4R 5 = 0 i
IREAG3 i R AR 1 n S22 1R R R
A0 PR 2% B ], R B B AR = KA AR
S RRASREY , BuA R Z A R HS
7 ] A A PR L O H 0 A e A 0 R
R,

I, -1,

Qiine = ; 1 (11)
ZwL[JZu\ (L r )+ E]
KA g — WA AR PER(W - m™);

HEF/(W - m™" - C7) s I—RHE R, 3
BN D 4. 05/m; ¢ —H 52 B Bl = SR
B/Cr,n 828 +1 ZNaarEbi/

m; B—LEAHARE/ (W - m™* - 7)) AR
HHRFRE B SRIMERRE B,

WEE ] LF RS8R0 0 A 9 B &2 120 ¢, 41
R R 4 050 mm, EISEAEF T ERES AR
3 560 mm F13 360 mm , FAT A Hi N ZIMKIR A
TAEE 200 mm . KA JZ 105 mm 3R Z 15 mm
W5e 25 mm, TARREHERAL 0 NI E DR 5 A T
B, v 2R TR AL BE TR L ARG AR A S NI B R T
B K AZ A B RETR, SRR E RS
F BB AR B B AT XORLRVE T B 38 5L
P e BT, N0 A% SRS PR KR AN B e
BHNR 3 Rt



£ 46 - HEH

F30 %

®3 WEAKEMAMBRITUESE

R EE/ (g om™?) &/ (T kg™t €7 BHER/(W-m™' T
BERkRE 3.06 1200 2.4x107% +0.591 0
R E 4R 8 A T 2k 3.20 1023 1.9x107%; +0.183 9
P BB s 3.03 1 066 1.4 %1073 +0.451 1
R R ER 2.40 1028 3.0x107%, +1.018 8
HE RSP 0.40 1340 0.056(600 C)
o 7.80 483.5 46.667

ALY 517 R — e 160 ~280 C 22 JA], 8
s SREMEZ E EE DR R E,TE L
K (12),

Gua = C.e.o[ (¢, +273)* = (1, +273)*]

(12)

e qshell_%@ﬁl\%%%mﬁﬁ‘/( W o
m ™) C,—4NFE S R B, B 0. 91 5 o —M5%
B A M, U 0. 81— fuAh R IR E/C
1,—RIRE/Cs0— 7% - BURZE 2 EEL ]
{H5.67x10°W/(m® « K*), HHECHE[14] 7]
A FEMEES RPN AR FER R TNG
BLRE, BBV E AL, FOTH AL, 18
i 120 t LF 4R A R R 5 R I RRR %2
% 0.15 ~0.30 °C/min,
1.5 s

BT LF BB mRE — R LR, B
mEHEAE E2ER, THE AT D2 RS SE mmA
T IAL P A | i AR STV Q, T LUl
K (13) #4735

Q; =Cue,0A[ (1, +273)* = (1, +273)*]

(13)

Hep: C,—dr m#E WK R BUE 0. 6;
sa— R R BUE 0.8 s — MY - B
IRIESEB L BMES. 67 x10 * W/ (m” - K*) ;4 —
BENERRBR/m’ 1, — R EE/C I T w
LT NBIRE 1, — IR IRE/C o
1.6 MEAMIK

LF KGR B2 o, R4 35 5 SRK IR BE A
MG IR LR S B Y FHHFE
SRRENHE, KA SR AWREFELETM
Ay, — WS E G S — W RES
TR KRBT, 2 WK T 4RV 25 16T IR RS R v 2 (e 3
WRHEBHBRMRAE, AAMEBK, WRD

PRER AU, B 1R R RBUR R R 2,
AR TR AR R R B HRE , SOk 16 ] gt
SRR I T R AR B AR S B AR R R
JRRESF Z AR R AN (17) B, WO ™= A g #A &
ik Q. MK (14) ~K(17),

ans :QAr +Qst (14)
M r
QAr = 22?4 : CpAr : VAr : (tst _tAr) (15)
Qst =Astgst0- [(tst +273)4 - (ta +273)4:|
(16)

Ast .
. _0.76><(go_sx%) 04 47.15%x (1 -

Ps\ —o.s 0.73 ko os
By 0t ()" ()

(17)
K : 0 — RSB E/KT; O — N BR ST 8L
PRI M, — R ERE R (g -
Con— B SHHA/ (KT - kg™ - C 1)V, —ESK
RBUNm® ; o, — 0 W IR 2/ C 5 ¢, — S M) 1R 1R
JE/C; A,— R BTE R/ m* e, — WK BER
BOBUE 0.4 50 —INFESF - BURZE2 BB R
f5.67x107° W/(m® - K*) ;r,— B REE/C;
H— 51/ m; Q—H S i/ (Nm® - s71) 55—
BEHMHEE/ (kg - m - s7%) ,HMH9. 8 kg - m/s;
pa~pr— I AN A B/ (kg - m ™), 43 IR
{8 3 000 kg/m’ 1 7 000 kg/m* ; h—2 2R /m,
1.7 WSS
LF = B, IR & B R E K
Qe TTHERFA(18) .

Qdust:Cg : mg ° (tg_ta) +Cd tmy

mol ') ;

(ty-1,)
(18)
KA :C, . C,— R G L REE, 4330
1.14.1.00 kJ/(kg - C) sm, .m,—HI G5 H
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HeB B, 435004 0. 70,1, 28 kg/s;e, 0,— X
S HEH R R, ¥ BUE 500 C 56,—3F iﬁ/&ﬁ*ﬂc
U 25 C.

2 HREIISIE

2.1 RERRIRE LR INIE
WIS T LS50 A P8R , 3HEC 10 fHiKk

FEATEE LR ITE, MRl SPHC, B4 (&4
/% )% C:0.033 ~0.053,Si:0. 013 ~ 0. 045,
Mn:0. 11 ~0.12,P:0. 010 ~0.020,5:0.001 0 ~0.004 5,
Als:0.022 ~0.029, FI B LR B R FEA TR AU 305, 2l
T -5 52 B B (B X L AN 4 R, IR B R 2
XM <6 C, HAT LI RAE=ER,

#*4 SPHC ) LF ¢ iR ERNEM L RUERE c
ak=d s STPE Wi Lk TPE FPE RE
A22302581 1587 1591 -4 A22302593 1595 1591 4
A22103400 1593 1591 2 A22203058 1588 1591 -3
A22103402 1591 1590 1 A22203060 1581 1586 -5
A22203049 1595 1589 6 A22203062 1587 1584 3
A22203051 1588 1590 -2 A22203064 1590 1591 -1

2.2 RFERIR A TELR IR IE

B LE FEHRdr B380E E BN ZUA F C Sharp
HRPLES g S LRI, ALY
. AREAIRD K B K B AR R SRR
BRI ORI AR & G AU A B 28 b Bt
KR IR SR S8, B e R A Y

1680 t

660 | o HUKIRE

+5°C'

1540 1560 1580 1600 16201640 1660 1680
SEUELEEC
(R T P 5 SRR e b

Bl 1 LFAEH A R REA
HT P& L AT AR Y R TR R BE AN LF M R4
ARSI TN A 0T, M TR TN YR R R A
J R Y S 003 B, S TR0 R S o ) (L
ZEAXME<S CHEILLHIN 97.73% R ZE X HE <
6 CHILLWI 100% , 3 & LE K5 HRAE 7= i 72 o 4
Wl B TR K

3 Hig

(1) 2T RER ~FHE R, 7E 8L 3 T L2 80M
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