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Abstract

Using low-grade phosphate rock as the experimental raw material, analyzing pure silica as the flux,
coke as the reducing agent, reacting at 1250°C for different times, the reduction rate of phosphate
rock is calculated, and the state of residue and phase composition after the reaction are analyzed.
Combined with FactSage thermodynamics software, the theoretical verification of the reaction
history and possible reactions in the process was carried out. The results showed that the defluo-
rination reaction, forming calcium phosphate and calcium silicates, is the first step and also the
control step of the pyrolysis and reduction of phosphate rock. The increase of silicon-calcium ratio
is conducive to the defluorination reaction to a certain extent, which could improve the phosphate
rock reduction rate. The mechanism of the pyrolysis reduction process of phosphate rock has
been studied in this paper, which provides a basis for solving the problem of large energy con-
sumption of thermal phosphoric acid.
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1. 5|

B R HE ML TR, H i TR, T, Aolk, EPEEESUR. H ATE T BRIy
EEEON = WNARERR, PNEBERMEERER . WWERER LZH RGBT, HESoETZR
ZK[1]e ZEBERAE BN T Z AR R HATIAE T 0T FTb Be[2] « HOERERR B8 BEL3HA ] AP AR A AL BT
{EAFAE BERE B 1 ) RRL[3] [4]. BRI, A 3 ek A7F 78 SRR A A AR A TN B 4 381 PO iR B2 R mT 4T 0%
7 HEMARA _F A o A BRIR BEFE R I B A

HLYE 1983 48, GBI Y A IE IR S Sl A A A «

2Cas(PO,)sF + 15C + 92Si0, = 3P,(g) + 15CO(g) + 9[Ca0-(SiOy),] + CaF, 1)

SiO, AE R INFIAAL AT ASR AL 22085 J7, Rk B REAT, T HIERE OIS AL R [5], 43
FAFAHEIS, SRR RN, SN A P AN [, E S 5 ) 23 FE R A5 T 5 R R s R AS R R 26
AU 0 S S8R B 77 o YTALRMEE 610 o R I, SUBERRES 7E SiO, HIMEF N Je Mg A iR RS, W FRES 5
EJEF O S i, B MRS HORFR, P, e, RN 2ERK SiF, S k. 2R,
M NAE B A RRHTR, HR N ML R AR . T R [T T SRR AT 35 A TG R S B AL
R, RIUERYE SN 10~10° Pa iy, FUBEK A5 S ALEEAE 900°C~1900°C 2 [A) A AL RN, 243 A
T 1450°CHE, N SiO, H FIF 18 5 S B IREAT « FEURIERE F, XI5 B [8]30 M 43T 5l 7725 f 5 1 9oL 1o
FRES TR AL ST [ R . 1558 C 55 Cas(PO4)sF 11 PO; 8, AWiflit 2% PO; W% R T, PO; — PO; —
PO, — PO — P, #J5 C 5 O* 45 &4/ CO, Ca®* /3 l5 0% . F 454 /E /M CaO. CaF,. #fIlRZE[9])454E
W FUTRER 0 4 2SR S B 25 B S SATLERIR 15 H 7 308 ) A R A IR B I S I AR R P, S
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AT R S B o AR Bl 775 5206 K XRD AR B IAH i s S, 32 T W N B A B HGE

JEALEE:
3Cay(PO,),-CaF, = 9Ca0 + CaF, + 3P,0s 2)
2P,05 + 60 = 4PO} 3)
3 PO + 10C = P, + 10CO + 60% (4)
P, = 2P, (5)

L2 (4) o S M ) D

AT SRR X S ZRAT S AR AR 7 2 IS I ) S22 J BB HEAT R A0 » 55 HH LT g fr s i 7 Rt
454 FactSage #4752 B E o ™ A JE 5T TRl AT BRIG I0TE,  FAC B BRI 5 2 S8k R ML
2. SEIGER4y
2.1. SCIEIER

RCHTHBEE K E ZrE ST, HRa X S5O0, nE 1 fir, SR EZ 50
AT, R R I DAL AT 0 2.

Table 1. Main chemical composition of phosphate rock % (wt)

F 1L OB HEENLFERT% (W)

%Wﬂ%ﬁ P,Os CaO SIOZ MgO Fe,03 A|203 F
ZEET 16.24 26.16 43.58 3.46 1.75 6.11 0.63

Table 2. Industrial analysis of reducing agent coke % (wt)
2 2. R TASH% (wt)

b% IF1 5 gt Koy R KoY
& 82.03 9.27 4.15 4.55

fen

2.2. SERFE

SIS ORI 200 H 23 BEGH , K 4% — B T HLIR & 2 505 BOVPEHT I KR R HLEE 10 MPa JE 70 R Ik
il A T @15 mm x 3 mm K] 0IK, HU5~6 g AR A BN 80°C MRS TR S E HL . A5 TR S 1E H A
an BT A s b, PR R O FUE B B A IR i F A b, BL 80 mil/min FURLEUHE N 2B
30 min, FRRHIFNIE SR, AAETRY TR SRR Y, B 5 C/min (THEE R T SR E RS
FE IR — BN E] o R A PR ISR P TSR R FFE N R 2050 AP R B 2 R 5 R A v A SR
WO, ARELIFAE TR bR A O R, B A 0 R i o
2.3. SEE{YEE

ASHIT ST 0 0 32 S0 e 3 Al A s I 3 3 P
24. B EEERNITEH

P,Os [ 43 FCR F GB/T 1871.1-1995 Bl AH R W Wk i vk [1013E 4TI &, B0 I8 JR Rt 5 A xC i =8
(6) 7

M —M
X = L x100% (6)
M

Horp, XONBEIEJRA, M OYRSATR ARG PoOs (TR, My RN R POs 5 o
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Table 3. Main apparatus
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Figure 1. Change of phosphate rock reduction rate at different reaction
time at 1250°C

& 1. 1250°C TG & R BT A 1T R R T4k

e 1 AT, 7E S 30 min ZEK-F] 180 min B, BEETIE 5 M 31.58%4 NFE] T 96.57%,
R AE L2510 OB A8 JE FEALEE, AT DU I ) S e A R M8 08 R e o7 A 1ok A PR AR A5 A
T 75 P I R iR T RE R AR S N T FE RS, e N ML .

3.2. BRI
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TN 16.24% 1) 2 B TR LB N JEORE, £ R AR R IE R A, b Al A REAE AR, 7E 1250°C T,
3B 30, 60, 90, 120, 150, 180 min, 4% sA ) b sk B R H S 2 B

B 2 AL, SOSIN RIS, FF R R A AN R 7E S NI 8] 30~60 min B, FESLESR LT
WA, UMK U RS, BRI E R N 2R ORI ]y 90~120 min, BRER A M
VLRE S A — R A RS s SIS (R ZE 4 2] 150~180 min B, Ff 5 N 372418 2 MRS
i, PRANMER R RIGSR, ¥oH f5 (1) 5k v 3 T FE R IR A 1 7L 1 (T S s, DT B AR KR B R )it
5 1 rh s R 8]y 150~180 min B () e ad S5 A X

Figure 2. Residues after reaction at different reaction times: (a) 30 min, (b)
60 min, (c) 90 min, (d) 120 min, (e) 150 min, (f) 180 min

2. AEIR BT8R MER%E: (a) 30 min, (b) 60 min, (c) 90 min,
(d) 120 min, (e) 150 min, (f) 180 min

3.3. X ST ATET S

e S A TR S = S i Yt O SN = S i SN e N S v i 221 5/ N T D@ A L L I N 0 7
WA JR s B PR, SR FH A8 [E Bruker A 74277 1) D8 Advance X STZRATH, LA Cu #E Ka T2k
JE, BHEIK N 1.5418 nm, FEHLIE 40 KV, B HJE 40 mA, FFEANE 20 7F 10°~90°, XF 1250°C AR [F] [ v
N B) S B (B s 1EAT XRD WA, 45 & 3 fE 4 fios .

B 3 AIA, SRR R YR AR TR R A B RS, LRET S B L AR AR A DL
TR T AFAE, A D ABERRES 1T X AFAE . Bl S BER R, SRR RS A0 — S LRk
TRV PR BB AT S B2 B 6 R R, ENWT BB AR R AR . OS2 30 min BF, AR R BT CaSiOs FFMiE
U, 5 BRI 32 B WA G Cas(PO)sF KA T I 98U S N AR IR 5, RIS H T+ Cag(POg), AL J5
RN AMIE, CaO WIZERER D, mitkiA R Sio, id &, £ CaO BEEN 5 SiO, 454 E ik CaSiO; fl
/DEE) CaySi0g. RN 60 min i, B L AWIRI S — DD, Cas(PO,)sF MLIAN Cag(PO,), ik ik J
N ERIE AN, KR CaO (IR, 15 CaSiO; 45 & A2 il Cay,Si0,, XRD il 1 CaSiOs [FI Ak I K & %,
Ca,SiO, MRFIEEHE S N [11],  HIE R 85 NS 2% (1) CagSi O ik #h. [ B 90 min i, Cas(POg)sF Mt
SR Cag(POg), #MRIE J5 S N R FF 4L I, CaO & CaSiOs fll Ca,SiO, 454 ik CasSiO7. XRD il
CaSiO; HIRFAEIE Ca,SiO, HIFFEIEE B T %, CagSiO; HIRFEWEEENIIN. RN XRD & & B
MgSiO; 1 CasAl,Op FFAIEIE . HI TR & UL B A SR 5 S B ALY, HLS 90 min INFARE & 4 35
CUA IS RASAATE, TEMSRASYIR R EIER T, S A Sl fg n, Sio, il CaO L+
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Figure 3. XRD patterns of raw rock and residues at 30 minutes, 60 minutes, and
90 minutes at 1250°C
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Figure 4. XRD patterns of raw ore and residues at 120 minutes, 150 minutes,
and 180 minutes at 1250°C
[ 4. JR% F7 1250°C R R FZ 120, 150, 180 min [5%%&E/Y XRD

B 4 w75, ONEAT H] 120 min B, XRD 3% Bl H MgSiO; IIRHEIETH 2,  HIL Mg,SiO, FFEIE,
KRBT MgSiOs X5 MgO 454 . B TR s IR IF, Si0, 5 AlLOs 45 & TEHL AlLSiOs,
1l XRD 1 B v L T AlLLSiOg 4FAE I o 52 3733547 21 150 F1 180 min I, XRD i3 ] 435 AE 4 Bk 2, ALSiOs
RRAEUETH 2%, B AleSiOns FRIEVE, VLB BEAE TBh I 3 5E, AlLOs I SIO, Z MK T MEME I BEk A
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Mg,SiO, FFEIE B B /b, R T 5N 44 ) Ca,MgSir0; (BEEE K1) Al CaAlLSi,Og (85K A7), [ Wi
FIREFR 3R AR AF W TE B R I S S5 B2 ) A FR AR ATAE, 00 B S M A VAR T e I R 1 A — S A ek
AEAE &, JEERE R IR SR A, (ER B P B &8 F A O] LU M R i (4 Rtk
B, 5 EAEERSEALES S5 AT RS R B R

34. REFHESH

R R SR S N R B 2% B8 S VF 2 BSOS A A £E B3 XRD WIAR 2 T K 2tk I, 4545 FactSage
ITEIRAE, o SN RE R AT RE R A AL A I B AT A S IR AR, AR 4, BRRINR

Table 4. Possible chemical reactions during the reaction

4. RMSIET A REFERNE RN

No SANYE FactSage #4 /) 590 IF 25 R XS SR
@ Si0, + Ca0 = CaSiO; AG<0

@) CaSiO; + Ca0 = Ca,Si0, AG<0 [12]
®) Ca,Si0; + CaSiOs = CasSi,O; AG<0

) MgO + Si0; = MgSiO; AG<0

©) MgSiO; + MgO = Mg,SiO, AG<0

®) 3Ca0 + Al,O; = CasAl,05 AG<0 [13]
@) Si0; + Al,O; = ALLSIOs AG<0

®) 2A1,Si0s + AlLOs = AlgSi,Or AG<0

©) MgsSiO, + 4Ca0 + 3Si0; = 2Ca;MgSi,0; AG<0 [14]
(10) Ca0 + AlLO, + 2Si0, = CaAl,Si,0; AG<0 [15]

HIBL_ B A el &, ANIRIAC FETRERR SR AL A 0K AR RO S B, FE B A S5 S S i TR A 2 5 . B
BRI R e R A 5 SR AL S S SR RS TS BT R, AN OB B A R
REPIRE . SRR ASAE AR 1) — AR R, 8 e A B B L R R 5 MR RRES » (] I 45 LA DY 9
WRERIIE 2R 25 AL A IR #5300 B 1) £R R PR A PR 00 DR e A 30 o, [ I A ol S P 475 ] A — 2 1
B BERRAS MR B BAE B A S 5 eSS &, AR A AL R RERR B &

4, g5ig

ARSORHIG L BB AR A I S SNt FE LR EAT TR 9C. 7 1250°C R Jeih-5 1 s i 2 ok
X N5 R S AR EIR S 34T T BT FC, I BRI X SR ATH BORBAT 1A [E) S SER 18] R 404 23 H7 5
B JE 456 FactSage #4225 xd I BE IR HrT g R AR AL 22 IO IEAT T BB IOIE, 3BT S5:

1) SBR[ 1 980SR B AR B AT FAR A SR S B B — 20, TR RO RS ANRERREY ,  tH 2 AN s B ol
IR BRIRAES B I S TR S B BT, ek R A B A AN — AR AR B A AT S SRS
2B RS R 2 B R PR R A5 05

2) FEES LU B A R T m B RS R S EAT , AR IR SRR . (A AT R, B
5 AN S TEAMEIEYI SR A, AR T ISR R, & BB I8 R 2T B

3) WA FARIA iR s B A T MRS G R

Cas(POL)sF + SiO, — Cag(POy), + CaSiO; + SiF, (%15 1%)
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