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1 SEWHE

1.1 SEIGEH Y

EEPV A RI AR 0~3 mm ;A I FH A U BE
A 54~58 °C, A7AZ K& Sk 225 Jig; Wi ER (H,PO.) , JC/K
LT (CH,CHOH) , SE56 K B8 L B 17K
12 FENHFE

DZ-2BC Il A B 25 fE iR T 148 . AUW 120D Bk
LT K7 CKS B2 4 0.00001 g) \ZDR-22 Bl il
AL Autosorb-1 Y v, 2% 1 FR M FLAS I 2 {Y . D/Max/
200 PC %1 X-GF 2R AT Y\ TA2910 % 22 7 1 4l F
Y | Mastersizer 2000 %I i ¢ ki B 43 #1 4% . JSM-
6510LV U4 o+ 6%
13 RELE

TP TR A 4 BR B ALAT B, A5 B 4 B Lk
45 um GBI , S5 B IR IR —E e LR A, A FHE
TR T FEE e AP 40 CKIB S Rk 12 h )5
IRAF O VE B SR o WA B 5 P R O 4 —
FE B IR A, R E R ) B PR A AE R (80 C
KIS SAE T BERE 12 b J5 $R A5 A 5 e 9 s 1oy
FIREY .. Pk LIRIRS WA 80 CHI—E H 25
) EL2S T4 22 24 h J5JC/K SRR & 22 UK, 3k
A5 P v S AR AR BRORS o
14 X f1E

SFHZEE TA {280 ) TA2910 B 2%/ H 4 &
TN A 0 78 e R 5 R ) A A T 88 R AR
AT, TAESE W FI-10.0~725.0 °C, &
HOKG B 0£0.05 °C, FHE IR R R 5.0 °Cmin, R H
N, #E 3% 4 50.0 mL/min.,

K B A B2 0 7 D/Max/200 PC 5 X-5F £ 4i
SRPASORT A P 0 e B A AR BORs 0 A A R A
TAES B PR Cu/K AR, AT 5T A 20 458
il 5.00°~75.00°, #1424 0.1504 nm , W33 72
23.0 °C, B HEN 40.0 kV, N 100 mA, 77 5
1 20 B9 HEECE N 4.0( °)/min,

K FH 32 [ RIS AU AR A FR A ] Autosorb-1 #4 Hp
& T AR B LA I ST e 1 0 s S A AR TR 1Y
FLE5F AT I, TR 240 D St 3 1Ry L B B
4 3.5~5000.0 A, [ 2 18 £1>0.0005 m/g , H% KR &5 H
25 107" mmHg,ﬁj\a‘@?%ﬂ{] 2.5x107 mmHg.

K H A HL TR 24 JSM-6510LV A4 i,
T 5 R R el K 7 R A TR P OO B a1 T
W, TAES 8 TAEREN 0.0~25.0 kV, KEE N
1.5~3.5 mm, 5z K K A% ECh 100000 £, B2
(8.0~1.0)x10 Torr, WESFE S 4 10.0~10.5 mm,

R FH [ I R SO AR A FR 2 Bl Y Mastersizer
2000 38 'R 43 B ASOGT B A i 3 AR AR TRy
(R RE B 3 A 0E A7 I, T 2 80 IR VS Lo
0.02~2000.00 pm , ¥ 4 3 FE 4 1000 times/s , Fr 1fE
FRAE LR (SOP),

1.5 HIELGERHE

M 37 17 2 (response surface methodology, RSM)
SRR LI BT R BC A A Y AR T AR T 4
TORIAARERY AR FH i A (%, BT E) A
FiE B(%, 5380 LU X FLAS FE C(MPa) A 500 R
F, DACTH 50 s JE A AR fOR (4 R A s il 1 B AR H
FreRBCY, BINERAE , 26 1 2451 3 AN R R (17K P
i, RH=FZE=/KFH Box-Behnken J5 ik " Xtk
PR i HEAH AR WOk ] 25 O Rk TR

1 EERKFE

Table 1  Factors and levels
HE 4 L
(LIS ol =
BRI/ %, wt A 3 6 9
HIEHE%,wt B 15 30 45
25 /MPa C -0.03 -0.06 -0.09

21 WEIPFENST

32 S5 15 eI A T LA AR SOR) 1 A AR TR
BESMAREEERE Y, H b AR R E N 52.6~
54.8 °C, BAHH 15 ot 4 s 5 AH 720 foksy 0 A 22 Il
FaE . 26 3 N RAERIN I 225001, 3 4 M Y 1A
TN R, d2 3 nl & H i R o S 30 T 25 2R
5 TR ERIY) A R A IE R E R R.,=0.9953,
3% B e K 7 R R A O 1 R R s R R B R
PR A R AR . ik 4 W R E B, B |
C. B’. BC X 5 Tify P {HI/NTF 0.05, Ui B £ 0%
5 L R T SR A T R A AR R 1 R A 4 TR
RERZ I 3
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Table 2 Design and results of response surface experiments
e Al Bl c/ AHAE AR IR o Al Bl c/ FHAR ARSI
% % MPa mEgcc PEEYd-g! % % MPa mEEeC PEfEY-g!
1 3 15 -0.03 542 24.95 9 6 15 -0.09 53.5 35.57
2 9 15 -0.03 53.7 23.94 10 6 45 -0.09 54.4 37.64
3 3 45 -0.03 53.5 38.22 11 6 15 -0.06 526 30.22
4 9 45 -0.03 54.5 37.19 12 6 45 -0.06 54.2 39.67
5 3 30 -0.09 53.2 45.07 13 6 30 -0.03 52.8 39.26
6 9 30 -0.09 53.0 44.24 14 6 30 -0.03 54.8 39.26
7 3 30 -0.06 529 39.53 15 6 30 -0.03 53.3 39.26
8 6 30 -0.06 54.3 40.25 — - = — — —
R3 ZRIRBWNFEST
Table 3  Analysis of variance for the quadratic model
i B af LY ﬂ*é?:%ﬂj;i% i)%?%#ﬂﬁ% ﬁé%%?i 3
ZFJ M Seq SS SEJ5 i Adj SS Adj MS PHEF PE(E P
EJE| 9 4014.45 4014.45 446.05 317.66 0.000
&k 3 3975.66 3975.66 1325.22 943.82 0.001
i 3 15.02 15.02 5.01 3.57 0.121
HH 3 23.77 23.77 7.92 5.64 0.066
k2% 5 6.85 6.85 1.37 — —
it 14 4021.3 — — — —
Ji 2% 8= mIHZEKR= RIERERE R,
1.26105 0.9946 R, =0.9953 o - o o
F4 Y IAGTHITIH R
Table 4 Estimated regression coefficients for ¥’
Tt i PRfEEER KRR T WEMEEP || W E i fEREDR RRET  WEMEEP
WH 423405 0.8232 61.8887 0.000 B 0.2596 0.7839 0.4210 0.024
A 0.7565 0.5026 1.8053 0.111 ¢ -0.1521 0.7839 -0.2462 0.736
B -2.7676 0.5026 -6.6065 0.003 AB -1.0502 0.5952 -1.7726 0.168
c 1.8072 0.5026 4.3137 0.000 AC 0.1487 0.5952 0.2509 0.827
A2 -0.1897 0.7839 -0.3074 0.968 BC  -1.9906 0.5952 3.3594 0.006

MF 4 ATAE W, VARG ASIE 203N 04 1 {45
Tt [a] U5 ZR B8, AT A 2] e v R A A8 b AR AR 4
TR PEREVE R H bn R Y, BV 197 () — Yk 2330 [m] )
TIRER

Y =42.3405 +0.75654 +(=2.7676B) + 1.8072C +
(=0.18974%) +0.2596B" +(~0.1521C) +(~ 1.05024B) +
0.1487AC +(-1.9906BC)

22 MRUER
) JFE ) 7 A A g %o g 07 A i R A O A ) 45

MR AN 7.2% A B R 40.6% LA K L
25 C Ol —0.08 MPa il £ 14 e Ve 4K i 55 AH 722 1k
WA AR P IR PR R B Y RS & = PE A 1.0000, 1
i 8 T S AR AR TR RE 1 I R A )

AR 4l e B i A AR GO B Ak T 5% R IR
MR 72% A5 H & 40.6% UL e H25 B
-0.08 MPa . [A] i 43 2.3.1 F5 454k 77 2 ek
PR LA AR GRS, R B 2.3.2 35 X AL 7 2 i ek
P 7 R A ARORY 2 AT A AR I R I, AR AR
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Yo AL 5 58 B e 1 B 7 3 AH AR foR , AR AR R
54.4 CHIAAKE 50.32 J/g, 5 R 230 W )5
THAE S5 52.74 Jig ML, 1R 2210 -4.589% , 13
564 TR B B IE AR Y, Y I R 2 5[]
U 7 ] 0 A ) s A A TR B A A 4
TTERE
23 BUMSENEERTRMIES
231 fEIEE R AT

M1 A AR OB Y £-CaO (1Y R AIE 04 B
B, VR AN SORY P £-CaO S i . ORI
i £-CaO MY AFAE IG5 B2 I I R R, Hh 3 Ca(OH),
P AR AR U 150 P 3 %) W TR T 2 o R S TR T £
CaO , 34 e A i ok LA
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Fig. 1 XRD patterns of steel slag powder and modified

steel slag powder

232 fLEEFAHT

MNFZ 5 BT H T EL AR SOR , el B T SR
) B TR LA R o, 2 — 25 i A B R T 2
I B0 TS OB L 5 4 v A T, 4 e R T R L
AR 1 IS AR

RS WERHHSHIEREMBRFLEN
Table 5 Pore structures of steel slag powder and modified

steel slag powder

. FLEE
Tk -
lWEmAY/m? g fLABYmL-g'  fL#A/nm
B R 5.01 0.026 23.23
PROPE AN T T 16.83 0.094 26.56

233 OWIES B

PN 2 AT T H et B s A AR oM 1 0
B, JE R LA P 2R 3 DR A o0 B T s R
FLEE R R A U 1) A A5 B kit e e A A R T T
¥y B o

B2 e AR AL ok 9 SEM 5]
Fig. 2 SEM patterns of modified steel slag-based phase

change powder
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Fig. 3 LPSA patterns of modified steel slag-based

=

phase change powder
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OPTIMIZATION OF PREPARATION PROGRAM FOR MODIFIED STEEL
SLAG-BASED PHASE CHANGE AGGREGATE BY RESPONSE SURFACE
METHODOLOGY BASED ON PERFORMANCE OF PHASE CHANGE
TEMPERATURE CONTROL

Zhang Hao'”, Long Hongming'?, Yang Gang'
(1. School of Metallurgical Engineering , Anhui University of Technology, Ma’ anshan 243032, China; 2. Key Laboratory of Metallurgical
Emission Reduction & Resources Recycling (Anhui University of Technology) , Ministry of Education, Ma’ anshan 243002, China;
3. School of Civil Engineering and Architecture , Anhui University of Technology, Ma’ anshan 243032, China;
4. MCC Baosteel Technology Services Co., Ltd., Shanghai 200941, China)

Abstract: Modified steel slag- based phase change aggregate with modified steel slag shell and paraffin core were
synthesized. The effect of phosphate amount, paraffin amount and vacuum on phase change temperature control
performance of modified steel slag-based phase change aggregate were studied by response surface method, the quadratic
polynomial prediction model on the three factors was also developed, the preparation program for modified steel slag-
based phase change aggregate was optimized. DSC, XRD, BET, SEM and LPSA were applied to gaining the optimal
modified steel slag-based phase change aggregate. The results show that paraffin amount and vacuum have effect on phase
change temperature control performance of modified steel slag-based phase change aggregate. Optimization program of
modified steel slag-based phase change aggregate: phosphate amount is 7.2% , paraffin amount is 40.6% and vacuum is
0.08 MPa. Phosphoric acid can remove f-CaO in steel slag, increase pore volume of modified steel slag, and improve the
effective package of paraffin.

Keywords: modified steel slag; response surface method; temperature crack; optimization; paraffin; phase change

temperature control performance



