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W A# B (carbon foam -CF) , &R, ®&
& 30%~60%, KfL#E (HR-10) ; £ (paraffin
wax-PW) , srtrali, #ei 59 °C AL TR
(palmitic acid-PA) , 74, M 61~63 C;
i G R (stearic acid-SA) , M4, 45 &5 69~
73 °C; RHEE (VT) . JTL/KLEE, b4l
1.2 S ER

FCHBH Y, SX2-5-12A A5 H R AHR KB

B, DK-8D A!; Zp#r KF, FA114 % CHEE N
0.000 1 mg) ; FHARFMAL, DRXL-1H;
AP AR IR, ST2722-SZ; 47 A A Ek
BEAY, F-P400 Y &gk AHL, FYD & o
RH IR iC S, MIK-R200D %Y, Hi #ha KT
FRAE, 101 ALy EEARIFER AL, GI-3 Y.
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BRI R B R AR 1,
A 30% £ A Bk, 2.08% 1 LA L L,
224% M =A%, DLRER. TEL B AN
vy, JF BARPLEE KE A2 B R A 1%
PLR B RLAT 73 M, F R g, I R AR
43 A, +0.45 mm ) B 61.15%, H A 0.045~
0.45 mm 33.07%, -0.045 mm 5.77%. K 8 K ki
BEHRAEES ARG SHIT BN S, Kk
FH % 35 B R R BE ML ST X SR AL R i A7 Ab B, R
AT R AR RE T 0.125 mm 9§ T, F A
17 B A EREEACHAT BREE , fRIEA BT 0.045 mm
[ 145 . BRIE S AF: FREX 20 g -0.125 mm 1)
RAREES 2~3 mL K LEE, BANEEN
350 r/min B AT B ABREEACY HEREE 6 h, 153
0.045 mm MI3RHRE, HAH5AERASE D
B RAMERITEET HAREIRIEE .
JER SR EMIRE, 3% Mg RE
J&, TSR AVEE AR R I UTRE L %, TR R R
BRI RNOZIEHITE 3% LU .

R RAREOUERD %

Table 1 Chemical constituents of vanadium tailings
TFe TiO, V,05 MnO SiO, ALO; CaO MgO Cr,0;
32.80 1290 2.08 7.84 1440 320 2.50 3.57 224

1.4 RARZEER/BIREESHEHTHRIEZ
0¥ 29.88 g A A HLET (PW. PA B SA) T
T 250 mL AR H, A HEMAE A EEL, B
0.12 g WHEE S 1M TV, MIANIEERIAENLH, i
¥ 30 min, HU 4 cmx4 cmx1 cm YRR, FRHW]UR
JREJEINIRG W S F, EEEKE (PW A
PA N80 °C, SA N90°C) M FHtER I 20 min,
AR E, RPN E. KGR E
[ CF IONER &L, B R B %) 70 4 ] -3 T & P 15
NEREL, HIF IR & 550N 0.4% HIE A 41
kL. HRIFER 7 iE % TV B2 73808 0.8%.
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Sk 50 g B E A ML BEM ks 4k, %
22 80 C MEIR/KEH, HATAN 4 cmx4 cmx
1 cm HIEARR, FREUS R my, JRNBARA HUFRE
fEIR I, FEAWIERE . AEBS 20 min BUH, A A
P& m, KA (D TR 5.

;7:92%Z@x100% (1)
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A& LR R A B R R A, R R Y 5 e
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80 C fHIR/AKW, TR

B HCRGLFE 2 rR R E 0 A S AR, R
FH Be i i il £ (10 2 A A RO B8 & BN 80 °C
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AN ERAR DI R, R O R R R AN AR I, (S
15 B TR IR ) 53 A AR
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K, BARGERNZR 2. IR LA HFE R B ]
MIEK, R B 2R ARLRAR /N, R G SR B R B 9
il CFANUR B EAHAEAEL, W  [A] 7E 20 min
B A, CF X} PW. PA F1 SA f W Fff = 43 5 76
66%-~ 72% F1 72%, SIG A FH 0 76 A Bk W B 26 L
SCHRUSY R R R 5 h, WP R 32.74%, SCHER
K FH B A 2B VA ke T PN Bt 8 ) BE 3
22 EEHETMRE-BIRMERES

F & AR RE A 2, X = A PR T
R AT IR, TV/CF/PW B & MBS - it
FE PR BRE R A AR L 1. BT (a) 7]
VL H & BTN TV Z 5 AR 30 °C FHE 3
62.5 °C WS RIS [R]85 Ll A TS I 0, 6 mp s B) A/

2 RIERMRIRMIE B A LB ER A R0
Table 2  Effect of carbon foam adsorption time on adsorption
rate

% B BT (1] /min 20 30 40 50 60

CF/PW  0.66 0.65 0.67 0.66 0.66
CF/PA 072 072 072 074 0.75

CF/SA 072 071 072 071 0.72

T/ %

B R BT R AEIN 2% 1.6% 3% 1.2%.
0.8% F11 0.4%; MK 2 (b) A LLFE H 75 IS 72
i, M 65 °C FEIRF] 35 C I, AN 0.4%TV I}
(1) 52 & AHZZ A L BCRT TE] B AR s i &, Hofth 4%
PR 2 A MR TR ¥ 4855, IS B K I
WK A 2% 3% 0.8%- 1.6% 1 1.2%, i B 7E
CF/PW E A AHAZ PR 2 @ s I 42 v mT LA
MRS AR . R A RE R 2
TV/CF/PA F1 TV/CF/SA & HZEM L1 & - TS
AT, S5 R 3.
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Fig.1 Changes in thermal storage and release temperature of
TV/CF/PW composites over time
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Fig.2 Change of core temperature with time of composite phase change material during the thermal storage and release
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Table 3 Thermal storage and release time of composite phase change materials at specific temperatures

TVIINE 43 H/% 0 0.4 0.8 1.2 1.6 2.0 3.0
30.0~62.5 “C& #HtH)/s 2410 2310 2164 1858 1 643 1580 1705
TV/CF/PW o X
62.5~35.0 “C IR a]/s 2852 2973 2597 2802 2627 2105 2371
30.0~65.0 “C & AT [H)/s 828 1870 935 1570 713 1610 507
TV/CF/PA . X
65.0~35.0 “C U H]/s 2138 2587 2026 2456 2062 2515 2357
30.0~72.5 "C & K a)/s 1510 1 681 1487 1582 1718 1435 1532
TV/CF/SA . X
72.5~35.0 “CJHUINAT [8)/s 3526 4453 3559 4261 3690 3659 3310
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B TR0 1.6% A1 3.0%TV 2 J5 i) He CF/PA .,
T 0.8% F1 1.6% ) CF/PA i, %i& 7o UGAE
RE BT I B 2 R D 1.6% TV B S MMk 18
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SA PFIER R A 5], Ha it Ilg, Br
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B %A R
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FA & - A i 2 24 r 3L BE 37 4 A AR 7 R
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[ o A R R AR AL A BLREAT S B, S5 R LK 2.
K2 Ca) & TV/ICE/PW & & Bty &b IR
., (b) & TV/CF/PA & & M Kb 0 &b iR
(¢) #& TV/CF/SA & MBI QAR E . MWEH
MBI UE N, A RE SR R& R
JE AR A BME R VB 2 L E 80 °C, TR A F
70 C A AR RRE s TRCARERT H PR O PR T B
I, #RE G,

M 2 F1 i (a) 7] LLE H7E CF/PW 4 i
OR300 TV 5, & ORI AR A
BRI TV J5 & RN Ik 21 sl (i [a]
B a, AN 0.8% J5 K12 &4 kLS CF/PW B
Pk, FAM 70.0 °C FEE] 60.0 'C BT (PW N5 £
JEHED , W0 1.6%~3.0% [ TV AR I5 35 5k
18, M 60.0°C £ 52.5 C I, %N 0.4%~3.0% ¥
TV JG PRI 5 L AR AR, M 52.5 C
2 35.0 'C I, JUIEGFAE S, HR4E o0 b i B2 AR
145 LT DL H S 0 0.8%TV 1 52 & A4 ) 2% S 5
U, W 12%TV ME A MBI R Z. WE 2
(b) Haf LA H, & ARHE EE A 30.0 'C Tt
B3 50.0 C B, AN 0.8%. 1.6% Al 3.0%TV )
BT E  HE CF/PA R, 50.0 'C F] 65.0 C i
W0 0.4% 1 0.8% 152 A 4 KL L CF/PA FHiR TR
WIS, M 65.0 C F 55.0 C B, 0 0.4%-
1.2% #1 2.0% HIM BB E R L CF/PA $R, 55.0 C
3] 50.0 C AL 1.6% F1 3.0% FIA4 R P iR 2 b
CF/PA 18, M 50.0 C %] 35.0 'C i}, {0 3.0%

[\t CF/PA FEIENS, 256 &AL R LLE
o, WIN0.4%TV K& &M B & - UR BT,
I 3.0%TV EEME R & 2. WE 2 H 1
(¢) ATLLA M BN, M 30.0 C FHE 3 70.0 C
B, AN 0.8%. 1.6% 1 2.0%TV HIE A M KL
I 2 L CF/SA PRy Ty, A 70.0 C P& i 2
52.5 'C AX# N 0.8%TV W1 &1 KL CF/SA Bl
1, M 52.5°C #)45.0 C i, FrfdmitsE#E
(1 & & M RS L CF/SA BRIR B, H % 3 3 2R 95
2%, M 45.0 C 3| 35.0 C If, 1R 0.4%. 0.8%
1 1.2%TV IE A M KL CF/SA [&iEE, %8 5-
AR, AT LA RN 1.6%TV KR &R
BUF, WS 1.2% BIEE

AT AR B -G B 3 2 A0 1 LA RO R G
WA AR R, & -G R 2 R S 5 8 A
L 3~5, BEFFRIE 3 ANEE 2 5o AR
& sl B RARIR S, K a4 k& ik
E, SEONRRERE. WE 3K () ATLUE 4l
PW 7E 20 min B 00 205 B 5 e L R I IR IR
FE43 59 77.0. 78.1 A130.1 °C, &G 80 min I 2y
SN 34.0. 34.6 F128.6 °C; (b)) &IIA CF2ZJ5
()44 R, TR 26 min 5 H IR 4 B 71.2,
75.1 A129.7 °C, P&IE 80 min JREAE N 37.2. 37.7 Al
28.6 C;  (c) AN 0.8% ) TV )&, JFHE 32 min
Ja HOREE 70.1. 74.9 1130.2 °C, B&E 80 min JHE
A5 N 39.4. 40.0 F1 285 C;  (d) I 1.2% I
TV &, 32 min &% & 2] 70.9. 75.8 #129.9 C,
F%i% 80 min IR JEAE A 40.0. 41.5 A1 28.6 °C, ¥
CF M TV Z Ja MBI & - th gl PW 18, &
R Ll PW AR, & A 5t vy 5 2 A ep O IR
ZIA R ZEEM 1.1 °C 285 4.9 °C LR,

: ’ ‘ - ;
(c) CE/PW/0.8%TV (d) CE/PW/1.29%TV
El3 TV/CFPW EEMRIE-HRBREADHIER

Fig.3 Temperature field distribution of the TV/CF/PW
composite materials during the thermal storage and release
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Fig.4 Temperature field distribution of the TV/CF/PA
composite materials during the thermal storage and release
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Fig.5 Temperature field distribution of the TV/CF/SA
composite materials during the thermal storage and release
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Investigation on Heat Storage Characteristics of Vanadium
Tailings/Carbon Foam/Organic Matter Composite Phase
Change Materials

XU Zhong'*?, HOU Jing"**, LI Jun'*’, WU Enhui'**, DING Jiexiong', LUO Qinwen'
(1.College of Vanadium and Titanium, Panzhihua University, Panzhihua, Sichuan 617000, China; 2.Sichuan
Provincial Engineering Laboratory of Solar Technology Integration, Panzhihua, Sichuan 617000, China;
3.Application and Solar Technology Integration Sichuan Provincial Key Laboratory of University,
Panzhihua, Sichuan 617000, China)

Abstract: Using carbon foam (CF) as supporting materials, paraffin (PW), palmitic acid (PA) and stearic
acid (SA) as phase change main materials and Panzhihua vanadium tailings (VT) as thermal conductivity
enhancer, vanadium tailings/carbon foam/organic composite phase change materials were prepared by
constant temperature impregnation and pouring method. Digital thermometer and infrared image were used
to test the heat storage and release time and temperature distribution of composite phase change materials.
The test results show that when the carbon foamed/organic composite phase change material is prepared by
the constant temperature impregnation, the adsorption rates of carbon foam to PW, PA, and SA are 66%,
72% and 72%, respectively. The filling rate is low. Therefore, after mixing organic matter with micron-level
TV and then pouring it into the carbon foam pores, the filling effect is better. The thermal storage shortened
time of CF/PW, CF/PA and CF/SA composites with the addition of 2%, 1.6% and 0.8% of micron-level TV
was shorter than that of the corresponding composites. When 0%~ 3% of micron-level TV was added to
three kinds of carbon foamed/organic composites, the difference between the center temperature and the
highest temperature was 2.7~3.8, 6.4~7.8 and 5.0~ 11.9 °C higher than that of pure organic material. The
test results of thermal storage shortened time and temperature field distribution show that micrometer TV is

the best in CF/PW composite phase change materials.
Keywords: vanadium tailings; carbon foam; organic matter; composite phase change material; temperature
field distribution
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