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Performance of copper slag based ferrous oxalate cement after
exposure to elevated temperatures

TIAN Xincong', DU Xin’, HE Huan', ZHOU Xintao', LUO Zhongqiu'
(1. Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming 650500,
P. R. China; 2. Sichuan Metallurgical Geological Exploration Institute, Chengdu 610051, P. R. China)

Abstract: Copper slag based ferrous oxalate cement(CS-FOC) exhibits significant potential for applications in high
temperature kiln repair and nuclear waste stabilization/solidification, owing to its rapid setting properties and high
early-age strength. This study comprehensively investigates the evolution of properties, phase compositions, and
structure of CS-FOC following exposure to elevated temperatures(150~1 000 °C), building on prior research. The
results show that CS-FOC achieves a compressive strength of 55.1 MPa after 28 days of natural curing, primarily
composed of newly-formed ferrous oxalate dihydrate(FeC,0,-2H,0) and unreacted fayalite(Fe,Si0,). Exposure to
elevated temperatures induces regular changes in both the compressive strength and structural integrity of CS-
FOC. At temperatures exceeding 250 °C , FeC,0,-2H,0 decomposes into iron oxide, leading to structural
degradation and a consequent reduction in strength. Despite this, the material maintains a stable compressive
strength of about 15 MPa after exposure to temperatures as high as 1 000 °C. These findings highlight the superior
thermal stability of CS-FOC, alongside its ability to retain a relatively high compressive strength under extreme
thermal conditions.
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Table 1 Chemical composition of the copper slag

2 B Jo 43 B % 2H 1% ot U %
Fe,O, 55.72 SO, 2.53
Si0, 32.24 ZnO 2.66
Ca0 2.20 Mn,O, 0.34
MgO 1.26 PbO 0.32
ALO, 5.17 CuO 0.74
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Fig.1 XRD pattern of copper slag

12 UZFEEHEIRROESEEALETE

V5 ] s TS BRE R (180 H I A A K T 5%) R L ¥ CS 5 C 1% T & 1L 3.64 /K B¢ i & 14 0.25
FEATBCRE, PEFE R A1 05 L # R T A 20 mm=x20 mmx20 mm B9 A 45 AN R EL e s s, (AR R 1 d S A A
25°C+2°C \RH50%+5% I 45 8 T #2477 28 d, il B B T 55 o v v LA 5 °C/min (9 T I 3 52 43 591 in 44 %] 150,200,
250.300.350.,400.,600.800.1 000°C {3 2h )5, FHRE#H1.
1.3 RPN R SR

K H AR B2 TTR-IIY 4 HE X R AT S (Cu Koo)X AS [a] 3 3 P b 8 11 4 75 35 o7 1% 6 1k 24 B 5 41 k)
Yy AH A AT A3 BT A2 TAE L 40kV . T/EHL 7 40 mA A7 5 2049 5 75 Bl 10°~80°. 1] Quanta200 %Y 47 4 v,
+ 5 (SEM ) W %8 B g 31 Ak 7 S 5 A RO E B . R JH AVATAR-360 A FTIR 5 i A4 L 75 $4 4k 2 5 72 v
gE R IE A & R AR Ak . SR I PHIS000 Versaprobe-IT %I 22 Ty fit 71 1 B A% 56 #1735 A5 CATHE ) X B 5 26 1 1 43
K BERY PEAT A3 A A% TAEHL TR 15 kV 3R 50 W A% 1E C1S 284.8 eV \Pass energy i i 46.95eV. K L8 i
AR A BR 2 B AR 7= 1) TYA-300C $T e 2058 HLIN X2 B4 40 e i 5

2 XWHERSITIR

21 MRANFHEREAERTL
& 2 ], B SR 3R 28 d 1Y i T Bk R AR

AR IRV P4 5 BE R] A 55.1 MPa, HA B mi iy ) ” -3 —-—ﬁlﬁﬁﬁmo
AR 72 200 °C UL T HUN B , ) b R JE A 1 s0f =
5 2 A S e PR W i e WL 04

(WL 2R 3) . MHL R ik 250 <O kst & ] ]\ 15800 %
TR B T W GBI 41 4%, (R BUR B~ & | " 5
R AR 0 483 EE S mes E s fpo0
PRV A 0 . B0 A T, W e g [ e

S P fig W £ 35 25 28 LA 400 °C Y, 4R B 1 T
19.6 MPa, JF 76 J5 42 1 Hh 3L 3oh 7 v 3 A . 24 0020 w0 0 80 1000 1200

i HE T £ %1000 °C I, B R 0 J1 2 4 B AR E W/

800 °CAY R /L R M T I, Hod i SRR EE 24 %y 15 MPa, B2 RAEERZERHBZKEALEANRRERENFERE
ﬁg P llﬁléfﬁﬁ 3 11.34 % I, 20 B b TR R i 3 Fig.2 Compressive strengths and volumes of CS-FOC after
1 000 °CHf . ik B i 7 h\; W i Ei QX%ZIK%"% o thermal treatment at different temperatures

), 1 VT T e B 2 A e AE o



%24 WA F ARG E S 2 TR S KRBTSR 105

UL, 7 — 5 V0 BBl G O = iR R XA N, = 2t Re A RE s (R s e 2 L A S kAR W ARk . FE A ad R B
B 2 WL BT (2R i Pl L SR B AR S 2T 60, ke T R AR AT O . S B R E K R A LB R Bk R RR Eh K IR
25 150~1 000 °CHAL B fHe 2524 B0 T L Bl 4, S IR 28 Fg o o2 4, U I e E M RE R U

25C 150 C 200 C 250 C 300 C
350 C 400 C 600 C 800 C 1000 C

3 ANEAIERBESKREREKERAESR
Fig.3 Appearances of CS-FOC after thermal treatment at different temperature

22 AEESRZREBRBKEMBARREHNST

Pl 4 g b A A BT 5 1Y XRD B3 . Rk BEET ARG XRD B3 (25 °C) 5 4 i XRD 77 51 #1185 1% b &
P, 7E 26=18.5°.22.9° . 28.9°4b H} B3 A4 fi7 5 14 , Hold 7 5 FeC,0,-2H,0 FrfE [ 1% (PDF#22-0635) — 2, 14 W %L
Wi 55 i i P 1Y FeO J W 1l A4 i FeC,0,-2H,0., 241 Bk 28 200 °C # 4k Bl S |, FeC,0,-2H,0 14 55 AF 177 5 68 06 5 s
W L 2 R FeC,0,-2H,0 2k 25 2 AN 45 b K 6 AL i FeC,0,2"; 24 1 BE 35 300 °CHt , 3% 1 Fe,O, 38 I 14 58 |, 1fif FeO
S AIE AT 5 06 6 55, FeC,0,-2H,0 11 FF 1F 06 31 2%, 1 B 7E 200~300 °C 77 7 FeC,0,-2H,0 1Y # 4> fif 5 i B T+ &
600 °CIJ , Fe,Si0, 457 FIE A7 5 048 {35 il 55 , 348 43 0 L 22 015 2 5 W B2 T 28 800~1 000 °CHf , Fe,Si0, 117 5 W 58 42 1 2%
M 33 w58 AR Fe, O, B R AE A7 S5 068 AS T 186 388, 156 W 7E 300~1 000 °C 78 il I , 77 7E Fe,SiO, I . 45 b ik,
il v ik 2R R K R 48 150~1 000 °CHAE 3, 77 7E FeC,0,-2H,0 Fl Fe,SiO, 1Y 43 fift 2 i , 45 4 Rane % iff
FEAEA AT HEWT AR B 32 B RO =X (1) ~ (4) BT

® Fe0, @Fe0, 4 FeO A FeC0,-2H,0 7 FesSi0,
*9
L] 1 |'i [ ] ] [ 1000 C
N S B L e A P W W,
)
e
g-n- )L.aJnJ LN e WMFMSOO OC,__
L2 Vi
' ; ?ﬂ N 600 T
i P AN 2
ﬁ %MWEMJU[IWJI?“M A .,J\., L .}‘\__q_ﬂm,.u\_.,_,,mk,)\.\_,ioo (C
i
- | Lok o ' *, 250°C
! A
\ A
el
"
) 'WJ\-.-JW,JL«.—M’ ,L‘MMW‘WWLMI S0
!I i _ﬁ'ﬁ ' 25 C
hicdamont MMJM‘}NM 4 w\quwwww\-%
FeC,0, - 2H,0
' [T J.: ||||. 1y |I|i|l| m ||||um||||I L )
15 20 25 30 35 40 45 50 55 60 65 70

20/C)
4 HMABFIEREEGRERI KR XRD B
Fig. 4 XRD patterns of CS-FOC after thermal treatment at different temperatures

150~200 °C
FeC,0,-2H,0 —————> Fe(C,0,+2H,0 T, (1)



106 TR K F F IR %48 %

200~300 °C

2FeC,0,+FeO————> Fe,0,+3CO 1+CO, T, (2)
300~1 000 °C N
Fe,Si0,— > Fe;0,8{Fe,0;, (3)
300~1 000 °C
Fe304+02—’F62030 (4)

P15 Ay i Rk 2R R R K R 28 O TR I B A L 1 XPS BT, i BT S (a) B b C s 19 XPS 13 ] 1, HL i
B 2 AE 284.8 eV F1288.9eV, Horf1 284.8 eV T Xif Ji 14 C 3= J2 W BBl T 2, 11ij 288.9 eV T it 7 A4 Al 114
FAAETE AR R AR, 2 HA b 3 B2 O 200 °C B, W IS0 i 2 VA 78 Ak 5 25 #4043 B2 i 200 °C R, JHE 0 i 32
R R 0 55 A 2, U I R Bk AR A L 45 R 5 XRD A M I 4 45 R — 30 W45 BE S Fe gt % XPS i £k
PEAT LG, W 5 (b) o, 4 i 36 Bk R R R UK U8 Y Fe 2p #8014 06 037 B 43 il i BLAE 710.63.714.33.,724.16,
728.10 eV, H 1, 710.63 eV 1 724.16 eV I A T FeC,0,-2H,0 ' i Fe 2p3/2 fl Fe 2p1/2™", i 714.33 eV #il
728.10 eV X W F A 58 4 I /9 Fe,Si0, , 3 1 Xf 06 i AR E A7 300 & 1H 5, SRR W2k o5 BBk & 1Y 57.51%.. Ak
26250 CHAL B , Fe L5 0T & A7k, an 181 5 (o) T 7R , B R iR IV 2k Fe 2p3/2 45 45 RE A T 14 06 1) 7 % A I
% 710.92eV, FEIE R R K A 43 R T sk . Y AR AL BRI BE T 5 25 1 000 °CHY BRI BT X I 1Y Fe2p 3/2
454 BE WG (B 58 B2 TH 5 L T J5L Fe,S10, JIr X 7 14 25 45 16 U /] 5 B2 I B2 1, A 181 5 (d) i o

Fe 2P,
Fe 2Pl/2 724.1 eV Fe 2[)3/2 Fe ZPm
728.1 eV X 710.6 eV
2 =
ol bl
I I 1 I | I | I I I I |
298 296 294 292 290 288 286 284 282 280 735 730 725 720 715 710 705 700
Lhiftllev Ei4fbleV
(a)Cls/ (b) HRRFRY28 dBEAFIIFe 2p/
Fe2P
724.5 eV
Fe 2P, €
726.4 eV
2
i

735 730 725 720 715 710 705 700 735 730 725 720 715 710 705 700
ZhifrfbleV L5iEfbleV
(¢)250 CHALEEAFIFIFe 2p (d) 1000 CHALFEEAHEL Fe 2p B
Es5 AEEBELEFESHHXPSE
Fig. 5 XPS spectra of CS-FOC after thermal treatment at different temperatures
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Fig.7 SEM images of CS-FOC after thermal treatment at different temperatures
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