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Synthesis of Calcium Aluminate from Secondary Aluminium Ash and Its Phase Change
He Chao', He Yongdong', Zhao Yikun', Chen Changke?, Li Yanling'

(1.School of Physics and Technology, Xinjiang University; 2.Xinjiang Join World Co., Ltd.)
Abstract: By means of XRD, SEM and EDS, the phase transformation of calcium aluminate produced by calcina-
tion of secondary aluminum ash and calcium oxide at different proportions and different temperatures was investi-
gated. The results indicate that at 1 200 “C, the main phase is C;; A; with a small amount of CA, formed. At 1 400
°C, the main phase is C;, A; with the absence of CA, and a small amount of CA formed. At 1 600 C, the main
phase is CA. A,,C; generated at 1 200 ‘C and 1 400 °C is cubic crystal system and belongs to stable C;; A;. With
the increase of temperature, the cell volume of C,; A; in the clinker is increased. When the mass ratio of calcium
oxide to secondary alumina ash are 0.9, 1.0, 1.1 and 1.2, and the mass ratio of secondary alumina ash to calcium
oxide is between 0.9 and 1.2 at 1 350 °C, the main phase is C;; A; with a small amount of CA generated. The gen-
erated Cj, A; is stable, belonging to the cubic crystal system. With the increase of the mass ratio of calcium oxide
to secondary aluminum ash, the content of C;; A; is increased and the cell volume of C;; A; in the clinker is in-
creased firstly and then decreased. When the mass ratio of secondary aluminum ash to calcium oxide is 0.9, CA
content reaches the maximum value. The Ca content in the mass ratio range of 1.0~1.2 is less than that of 0.9,
which is little in this stage and hardly found by XRD.
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Tab.1 Chemical composition of aluminum ash after

washing and drying %

wp
Al (0] F Si Fe Mg Na C N Ca Ti
43.22 46.88 0.09 1.83 0.36 1.74 1.25 3.10 0.93 0.49 0.11
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Fig.1 XRD analysis results of calcium aluminate prepared

by calcination at different temperatures
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Tab.2 Crystal parameters of calcium aluminate clinker at different temperatures

§ o Ciz Az CA
g/ °C . S .
a=b=c/nm V/nm?® d/nm a=p=7/C) a/nm b/nm ¢/nm V/nm?® d/nm
1 200 1.192 8 1.774 573 0.271 71 90 — — — — —
1 400 1.224 1 1.776 952 0.270 54 90 1.087 4 1.085 1 1.511 5 1.067 583 0.297 61
1 600 — — — — 1.056 3 1.090 2 1.512 4 1.073 534 0.299 48
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Fig.2 SEM images and EDS patterns of calcium aluminate prepared by calcination at different temperatures
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Fig.3 XRD analysis results of calcium aluminate prepared

by calcination with different m¢/m 5
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Tab.3 Crystal parameters of different m./m, calcium

aluminate clinkers

Cia Az
me/ma .
a=b=c/nm V/nm? d/nm a=p=y/()
0.9 1.198 2 1.720 573 0.268 08 90
1.0 1.198 9 1.723 250 0.268 00 90
1.1 1.198 7 1.722 390 0.267 96 90
1.2 1.198 6 1.721 961 0.267 94 90
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Fig.4 SEM images and EDS patterns of calcium aluminate prepared by calcination with different m¢/ma



AR KA R RS B Y AT AR AR 5

R BT LA XRD ARk 2 5 A G &, BT
Gt ECE R Ca ALFIL O STER A TE O % & 4c #4718
A 45 R ILE 5, 0T LUF B BORHBURL X 3 F 224 Ca,
ALFI O T H I, C/A=1.2 38Uk} 32 3247 55 4 41
JCLA,

30 pm 30 um 30 pm

(a) Al @423 (b) Ca @iz 4% (o) Sidmiats
B5 me/ma=1.28B0R%5KM BN R TE5H
Fig.5 Micromorphology and element distribution

of calcium aluminate clinker with m¢/m,=1.2
3o %

CaO 5 Al, Oy #E47 [ FH 5 oT KLk &

Reaction
—_—

ZZ
Z Y I: Z,

Diffusion Diffusion 7 ( 1 )
X+Y X¥ Z 3

I— 27 Reaction
ZZ

L. X K CaOsY H AL Oy X-Y 4 8B R4 1
XiZi ZoZy S X-Y BT B B 5y T PR 7
1200 CH}.CaO 5 AL Oy 1Y W AK Z b . 24 52 40 35 -
JINE 49y 22 V) P 2 ke AR A o T AR AL T BELASE T RN 2
6] )RR EL 8. B R TE R B RORE T AR N R B
51 % MR EF 500 Tk, kS K H AL G,y JAIN 1
rlE T 5 AR AN AE R AL O
AL C,+60,—2A1,0,+3CO, (2)
AAIN+70,—2A1,0, +4NO, (3)
AL Cy JAIN 46K AL O, J5 - i B me /m o
BB R EAT . CaO 0] AL Oy 9, AR 48 R 45
N1 A ) AR BB Bl g RN S C As > CAZ=
CA,>Cy AL XARHE CaO-AL O, 19 =76 Z T, if LU
B CaO 5 AL O, R A Co As s
CaO+AL O, —C, A, (4)
UE S R AE T KB CaO, FLIE R AL O, & &
KTF CaO, i L AL O, 5 CaO JZ 4 i CA fR/DHE &
WA, B XRD A REA I F) .
CaO+AlL O, —~CA (5)
Bifi 5 S EAT S AR L Co A 2 BEAR CaO 5 AL O,
A ko B DA JEORE R AL Oy U2 A2 1 C A 37

fif
B A CAL B CA
Ci,A; +AL,O;—CA, (6)
C12A7+A12()3_’CA (7)

PR3 6) (D H28 5 &A= FIr AZE 1200 °C &
YA R C As (CA,,

£ 1 400 °C B}, i F CaO [a] Al, O, 3 8 4 3 i 4%
PP H R AL O B CaO 1R 2, 76 K240 151, AR 46
K DOAHRER Cop Az ] R 6D 20 C7) W 7
17 FAERL CAL R B Coo Ay A Y B[] B o A1t
AR CAER S ETE Co Ay 1L IFERT Co A KRR
B A CA

CiA; +CA,—CA (8)

PRI A2 i CA B2 A AE Cro A 3R

FE 1600 CEHMTN AR M (2 28R
FE R 13K (7)) 38D SRy 3 R AR K Y
CA,

TE 1350 CF,2Y me/ma=0.9 0f,AL O, 5 CaO
FEREXOW RN A REN Co Ay A5 B il EE
B I LA () WAE AT A T34 CAL 4 me/
ma=1.0~1.2 B} ,CaO FRZW A, H Al O, 5 CaO
A ) Coo As FIETT B SR BN 1 Be /I BT DA AE B C A
AT S 06 ) 5 B T A 1 R . AR CaO-AL O, 1) 0 &
HHE L CaO 5 AL O, L4595 tE i 1.0 1, B %
B CoA AR ARG AR E] C; A W, B
WA R T ALOAM, %A ALC, JAIN Z2 5, 78 H 5%
b AL O, J5 i FUR R Y CaO 5 AL O, IR EE T B
BT LA SE B R R R CaO 5 AL Oy 1 He 1 9 54 34 3
me/my A CA .

4 % ®

(1DCaO 5 B K FHE N 0.9 B, L 7 °C/min
B T H R A3 B TFE] 1 200,1 400,1 600 CL{#£3 1 h
JEBEY R EF] 200 CHUH L AE 1 200 CF . EZEY A A
Co A HAT CALZERGHE 1 400 CF, Y HE N
CoAr H CAIHR IR B T i CAHE 1600 C 41T
T EEWAE CA,

(2)Lh 7 °C/min P FHR B AT 1 350 CIHARE 1
h J5 Bl 8 J1 3] 200 CHLHE, RIS CaO (1 FT &
FOTE 0.9~1.2 I, FEY AN Cp A HA D ER CA
AL BEE CaO 5 ZRBR K it 6 b i) It i G Ar 3
B, Z R K S CaO Bty 0.9 B, CA & it i
FifE o 1.0~1.2 i, CA & &AL T B & ol 0.9 I i,

& £ X W

(1] [ 2020 4E4R 775 3 708 J7 (L] 4 M5 s oAy (& 4. 2021, 41

(2): 188.

1439



Nov. 2021 ML RAEOES

. A%I-H-
~ ~ ‘ ~ A = )
Vol. 41 No. 11 SPECIAL CASTING & NONFERROUS ALLOYS

b

it

REEZRX Cu-30Cr,Nb S HRSHE N KERIT AR

HEE &£xBE BEA % R OKEX = B x &S
QO BRMAEERIFEAARANG AR FHARR: 25 RFABFR; T EFLRBEFRER)

M OE E A EREEEE KA T Cu30Cr, Nb &4, 7225 Kb 43 B FF B T % & & R a4 i be i il 30 B 58 7 HBR AT Ry, R
¥ E R E I Cu-30Cr, Nb & 4 vh Cr, Nb RSPRS00 £ B £, Bd #1808 T &, Cr, Nb -3 RFBEAIG [ B OB 40 H 4K 400K
A Sy S PR R TR A 0 OREIR 5 A F 440 5 Cu-30Cr, Nb £ 4 9INEE 1] AL K | AL 370 %% B 4 A% L 9B T8 7 %, Cu-30Cr, Nb 4 4 i 58 b 1
fiE B9 3 T 5 W U % B B M IR AN Cry Nb A G #8 K% BF H FAH G

KW AR B = R B T G

hmESEE TGl46.171 XERED A

DOI1:10.15980/j.1222.2021.11.023 FA R (FIREAR S ) FRIRAS (OSID) :

Effects of Cooling Rate on Microstructure and Electric-ablation Behavior of
Cu-30Cr,;Nb Alloy

Han Jianjun', Qian Wenxiao', Guo Jingang', Dang Le', Zhang Junshuang', Yuan Jie**, Liu Yuan®**
(1.East Inner Mongolia Electric Power Co., Ltd.; 2.School of Materials Science and
Engineering, Tsinghua University; 3.Institute of Tsinghua University, Hebei)

Abstract: The Cu-30Cr, Nb alloy was prepared by rapid solidification in copper mould. The electric-ablation behav-
iors of the Cu-30Cr, Nb alloy and pure copper was investigated comparatively by discharging in air. The results in-
dicate that cooling rate is the main factor affecting the size and the morphology of Cr,Nb phase. With the cooling
rate increasing, the average size of Cr, Nb particles is decreased and the morphology is transformed from long bars
to short rods, then to fine spherical particles. Compared with pure copper, Cu-30Cr, Nb alloy exhibits larger arc
spot area, lower current density and smoother arc spot. The higher electric-ablation resistance of Cu-30Cr, Nb al-
loy is related with the reduced current density and the heat emission of electrons from Cr,Nb particles.

Key Words: Electrode Materials., Electric-ablation, High Voltage Isolating Switch

Woks B HA:2021-04- 14 8 AR B B H 3 : 2021-05-31

E—EER AT T 1966 4 A i 2 LRI L WA 45 (010090)  E-mail : hjj0296 @ sina.com

BIEEE - XNVE .5 ,1974 45 A Bl 082, J6 52 (100084) , E-mail ; yuanliu@ tsinghua. edu.cn

5| AR A BRSO S A WL AEL R I X Cu-30Cr, Nb & A 4L 5 Hu i IRBe ik AT A 2 i [T ). 5 fh 85 3 Bl 5 4. 2021,41(11) : 1 440-1 445,
HAN J J, QIAN W X, GUO J G, et al. Effects of cooling rate on microstructure and electric-ablation behavior of Cu-30Cr, Nb alloy[J]. Spe-
cial Casting & Nonferrous Alloys, 2021, 41(11):1 440-1 445.

[2] sk, 7 080 K %, 25 55 K A M 41 43 1l I Ko 2 4 A1) F 5 ok e proach for solution combustion synthesis of Cas Al, O powders
[J].RERREREIR . 2017, 36(6): 1 951-1 956. [J]. Cem. Concr. Res., 2009, 39: 566-572.

(3] BesEF. T 3CHE, £ 45 R 500 1 v i 40 K )™ e 455 B0 15 5 o) TR 3R [11] Eoode. sKEEZE, T97, SR BRE LR KRR & s 5
Wy [J]. %4 )%, 2015(8) ; 26-30. S [10. 8 AL T, 2021, 50(2): 311-315.

(4] THRABETE  SEBRAR B N AN K 98 Ak A AR & R SR (). 3 B8 T [12] YIH C, GUIGNE ] Y, MOORE J, et al. Preparation of calcium
FE, 2021(3) . 148-152. aluminate matrix composites by combustion synthesis[J]. J. Ma-

[5T SRo%as 23 o B DAL 5 K G B 0 [0 .o ter. Sci., 2002, 37; 4 5374 513,
St CEARBLE IR . 2012, 43(3): 809-814. [13] ILYINA E V, GERUSY Y, CHEREPANOVA SV, et al. Syn-

(6] ZEEEAL, X4 5 28 B 58 0K 5 By Ye il 4 M L A BB+ HEER B 1Y thesis of C12 A7 calcium aluminate aerogels[ J]. Materials Letters,
SRR ELT )5 & . 2019, 10(6): 1 513-1 516. 2021, 293 129 699.

(7] BEHRIH. B iR AL By 0 1 3235 e i KUK ST A R EL g 4 i [ D . [14] CHOU K S, BURNET G. A reply to a discussion by S. Chandra
2 PEIL IR JE KA. 2018, of a formation of calcium aluminates in the lime-sinter process.

[8] HEFMEKEY 2 32021 4E )[R 4 AR 40 E = % e A 17 Part [[. Kinetic study[J]. Pergamon,1981, 11(5-6) . 817-818.
2021(4) . 18-46. [15] MOHAMED B M, SHARP ] H. Kinetics and mechanism of for-

[9] MAILAR G, SUJAY R N, SREEDHARA B M, et al. Investiga- mation of tricalcium aluminate, Caj Al, O [J]. Thermochimica

Acta, 2002, 388(1): 105-114.
weather concreting conditions[ J]. Resource-Efficient Technologies, [16] #~F#E. M E K, T4, %.CaO-Al-Al O5-CaCOs-O: fhk RIRFEA
2016, 2(2): 68-80. R R ES I AT SR L) ] i MR 4. 2016, 44(6) . 908-913.

[10] ROBERT I, IOAN L, CORNELIA P, et al. Fuel mixture ap- (wEE:ER )

1440

tion of concrete produced using recycled aluminium dross for hot



