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with large amount of water of around 60~100 tons per ton of 200
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wastewater treatment. To reduce the amount of wastewater
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from the source, this research proposed an alternative way for + FepO,
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desulfurization by high—-temperature calcination based on the
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feature of sulfate decomposition at high temperatures. The

thermodynamic feasibility and kinetics of the desulfurization 2000 \ /
were studied. The results showed that the sulfur in ferric %10 15 20 25 a0 3 40 4 50 55 60
phosphate existed in the form of sulfate, which can be “ Products

effectively removed by high—temperature calcination. A higher
temperature was preferred for a more satisfactory
desulfurization efficiency. Kinetic study uncovered that the desulfurization reaction order was 2, and the activation
energy was 88.075 kJ/mol, indicating a chemical reaction control mode. The sulfur content in iron phosphate can be
reduced to less than 0.01wt% by calcining at 1173 K for 10 min.
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Table 1 Chemical composition of the ferric phosphate raw
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Element Fe P S
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3.2 BREIR AR FE ST
] ¢ R 2k J R 3 W0 AH N FePO, *2H,0, 17 S LA SO,
T SAFAE , 4G Hob % R VEER 5, R B v] BE A7
TEY)HA N Fe,(SO,), FIH,SO,. i Bbeit #2 , al G &
ARG R
Fe,(SO,),=Fe,0,+380,(g) T +1.50,(g) 1 ()

Fe,(SO,),=Fe,0,+350,(g) T (3)
H,S0,=H,0(g) T +S0,(g) T +0.50,(g) 1 “4)
H,SO,=H,0(g) T +S0O4(g) T Q)
FePO,-2H,0=FePO,+2H,0(g) T (6)

JL(2)~(6) AR 75 A7 1 B B BE A2 A0 (AG®) Bif it i
(673~1273 K) A1k WL P 2(a) . Bl R P2 T o 2% S B2 1)
AG T, HIRM.(2)~(4) 2 TEHE /MR E I AG i IE#; 1.
FePO,*2H,0 ] 43 fi#t )< . AG° % B , FePO,*2H,0 TE 673
K DA B R BRI B K5 ff a5 Fe(SO,), 1I 43 fif th
SO, F1 SO, Ak, Fo AG" 4 0 e S35 43 1) 28 1055.6 il
1056.5 K, H# AG® i 2 A5 T 1053.9 K, 7E 1% J& DA
T RM3) H R EHBR AR E L, -, R H
KA R K. H,S0, 7 il [ N3 (4) 1 AG 4 0 1 I
FHUEE N 755 K 1 53— o3 il ) LK (5) ) AG £ 673~
1273 K 55 54l B 3(4) A (5) I AG® # 26 AH 22 s A
1053.9 K iz , & BH7E 1053.9 K LART , H,SO, 43 fift Hi SO,
FR AT RE M K, T T 1053.9 K i, SO, 4k 4L 4 i A
SO, ] BT K

S (2)~(6) F bR 1 18 A% (AHC) Bt L 755 7 25 Ak DL P 2
(b)o JRISL(2)~(5) i thE S I s 72 i I P52 38 o /)~ Wi
R, ELYE T I N LA Y AR, R AR B
o1, H,SO, F Fe,(SO,), 73 i 4 SO, I J5 b #4435 35 L %
H 7 A8 SO, 1SS FER N K o
3.3 BRES S

3(a) MR Bk 5B TG-DTA 73 Hr &5 5. 2k
ih £k 2 0, A S ZEMRIR R (323~373 K)ok L, T g
W B A AA R M, 7 473 KPR A it i 35 R R, 573 K
DLJE H B AR A K. X B DTA #2237, 764 473,



%52 LA R MBS I B B IR B B FR B 271
10000 2000
- @ I
9000 - L] FePO4 -ZHZO
L 1900 -
£ 8000 £ —
3 f 8 1800
o
S 7000 S |
2 6000 - g 1700
= t = L
5000 - 2600
4000 [
L | L | L | L | L | L | L | L | L | L 1500
10 15 20 25 30 35 40 45 50 55 60 164 166 168 170 172 174
26/° Binding energy/eV
12
- 1o @
S 10+
g L
= 8 r
£ — 2
2 6l 2
> L =
2 a4t S
5 ,
< %7
0 L
1 L 1 1 1 1 L | M| M| M| Lol
0.0 0.2 0.4 0.6 0.8 1.0 1 10 100 1000
Relative pressure, p/p, Particle size/pm
1 BERREKIE R (2) WIARAI AT (b) BRZSJR M XPS 404Ts () B IRSIR M2k (d) biREHHT
Fig.1 (a) XRD analysis; (b) XPS analysis focused on high-resolution spectra in the vicinity of the S 2p peak; (c) nitrogen

AGY/(kJ/mol)

K2

adsorption isotherm; (d) particle size distribution of the raw material of iron phosphate

r H—H—H—H~.—._H~.
- @ —*—Eq.(2) goo |- () —e—Eq.(2——Eq.(9)
L —v— Eq.(4)—e— Eq.(5)
6001 L , . o Fu0
150 L - A A A A A 4 4 4 a
S L
£
ol § 400 i
T V——V—v——v——v_v_v__v_v__v_v__v_v
< 200 -
-150 | ¢+ ¢ 0 ¢ ¢+ ¢ o
oL M
_300 L | | | L | L | L |
600 800 1000 1200 600 800 1000 1200
Temperature/K Temperature/K

I JE(673~1273 K)XF B(2)~(6)F(a) it &5 A i H HAEZR(AG)FEMH;  (b) FRUAEIEZE(AH") 52 (HSC 6.0 FAFHI)

Fig.2 Effects of temperature (673~1273 K) on (a) the standard Gibbs free energy change (AG®); (b) the standard enthalpy change

923 K Ak 43 A — SR B I TECRA I S I 43 ) SR T 45
s 7 80 B o DA R 0 K B8 R 2k it 2R ) S AR (B R e R — IE
s DRI 2% o 25 S0, B S W B 4 ik P A Ak
ANBR o 18] 3(b) Ay A 3 AT R 3 SR R S AL
G g R, 473 KN, 3% S 3 2OH HO0(g) , il JE

2 g 7

(AH") of reactions (2)~(6) (simulated by HSC 6.0 software )

SN, 6 B v IR A R T Rk O I B, ELAR
F LSO, KAMLFE
3.4 IR FIZE T
3.4.1 e iRt A2 20
K BETR BB R At AR R S A S, T

W% 673 KN, B SO, U , 5 FE 4k 2L 7t w1, SO, W 5 B 2



272 o R TLF

0
100 (@

/ 4-1
g - 2
% 90 ' Congitions: N s
2 Heating rate: 10 K/min . 12 E
Atmosphere: N, E
Gas flow: 100 mL/min 13 a

80
| L | L |

L L L L
400 600 800 1000 1200

Temperature/K

Absorbance/a.u.

e e TR TN N A e

H,O
L L L L L L

800 1200 1600 2000

Wavenumber/cm™

3 (a) BERRERERHY TG X DTA 43 #:  (b) #AEE 73BT I 72 e H AR IR SR B 21 90 43 A
Fig.3 (a) TG and DTA analysis of the raw material; (b) real-time infrared analysis of the escaped gas during the
thermogravimetric analysis

(10 5 87 [ P A 4 = QO 0 4% 53 R 2B il S I s @2 i 1)
A S A TE L [ AR AT R SR S E s QAR
P HOE N ARSI .

X IR s LI R 5 ] B 14 1) A 1 A A Ak 2 e B
1 DL S SR T B (A HU AT D . BT R
N EAARCR SRR AR, A D A R AR A S
FEAE T IR B FE

TE i s It FE v, KB PRk 1 A e T A5 L
S5 S ik A, 23 il e A B AR AR /DN, HLAE O BT
9 K IRk PR 2R 7K, AE SOW UKL Hh B T FLIE ,
A SRS BB T AR 2 A 5 R A 2 S B BE A T R
AT FE R R TT . AR LB 1) L R,
DA 2% J52 L5 AN (5] B[R] (18 J [ 2050 236 SR R AAE Bt At e I8 1 3K
R R 5]NBh 77 225050 T L3 R 2

S)=1-x)" (7)

e

G()= [Ae "/ di=ht (8)
A, n IR IEBN ST 2R k9IRS TR R L A TR ET
K7, E N R BN RE » R AR AES AR 2, TR E ¢
NIRRT Her, 20090, 1/2, 1AT2 1, OB HLPE R
)5 G BT AN 2.
3.4.2 i [ Bl 7o o
ANFR LT AR 0 5 S S R] Y 26 22 0L B 4(a) -

=2 REZK#En5fx), Gx)FTRXFR

Table 2 Reaction order n and its corresponding f{x), G(x)

Reaction order, n fx) G(x)
0 1 X
12 (1-x)" 2[1-(1-x)""]
1 (1-x) —In(1-x)

2 (1-x)? (1=x)'-1

TR BRI (<60 min) , £ i 5 2] B I 0 %% 21 i i 3%
IR GEIG 0, #Id 60 min 5, WK E RN . W E 5
N 773, 873, 973, 1073 A1 1173 K I, 2 3. 45 % (180 min)
Ja BB B 2 BN 15.1%, 40.7%, 76.5%, 92.6% A
99.9% , it JEE R iy, LA KRR AT o 5 2 Xk L P [ A Hh B
RSB 5 RN [R5 5% & L 4(b), B I
I, N2 SR I T AR PR R AR B 2 o A R N B, 4
FER 1173 K[R8 10 min B, [ AH 5% 42 65 4% 5 & =M
0.009wt% , JEA BRI 7], B 2 B4k SR 18 T %

3.4.3 JBLB RSB 11 L

1173 KMt i B ot P, B3 B R B i 60
min Ji& A% R AR AN B IR, IR ik 4% 773~1073 K. 5~
60 min [ I B R0 % 00 2E AT 1B e L 20 7 2 i FE L
IR NHEn 5y R0, 172, 1, 28, HLEE B E G(x)
A S8R LI 5(a)~5(d), LA HIRE O REUL K 3. 45
RRIR Y n N 20, FHOC R B i RS s MECbe
LIBT3 RN 2.

3.4.4 LB RSB 1% 7 A%

FRE BT A6 8 2 Wi 77 R (9)], K B 5(d) 3R 431 J
LI R HOOR RN RO, BRI 6. LG
75 48 1 K T 4=1958.63, 15062 I % S5 B2 FrD 3% 1k B Ok
88.075 kJ/mol, BN AZ I RE b5 I Bl 5 TR 73 A
—8. 456341 THRHLELRE G BARTE A, AT
S BRI SN 30 71 5 5 #E N (10).

Ink=In4- E,/RT )
—88075)t

(1-x)" - 1= 1958.63exp( (10)

3.5 REETEEBATRT
o L M A e R 2 S T TR A ol 1) 5 ) R TS 3
PR BRI . B 7(a) NIRE 1173 K HBUEE 10 min )5 ,



LOCHEAE: i BUGE Il R BEIRR B P i B F 7T 273

o552 1
< 100 @
? |
S 80
Q
£ r Temp./K
g 60r —<—773 ——873—v—0973
b= r —a— 1073 —e— 1173
B 40
= I
=
2 20+
D L
O L L L L L L L L L L L

L L L L L L L
0 20 40 60 80 100 120 140 160 180

Time/min

Temp./K

—<4— 773 ——873—»—973
—4— 1073 —e— 1173

S standard limit

Residual S content in solid/wt%

L L L L L
0 20 40 60 80 100 120 140 160 180

Time/min

4 AFREPE(T73~1173 K) N (a) BB S OB AR5 2 (b) B H R ARG 2% 5T 35 515 SN2 8] FR) 9% 2
Fig.4 (a) Desulfurization efficiency vs. reaction time; (b) the residual sulfur content in solid vs. reaction time at different
temperatures (773~1173 K)

100
| (@ n=0 -
[ )
80 - o
60 © Temp./K
= L & 773 v 873
o A 973 e 1073
0 S
20 - v
0 L T L P N I S S S T A NS N
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time/min
| (c)n=1 °
20
Temp./K
15l e 773 v 873
' A 973 e 1073
=
O 10+ e
05 /
0.0 X : :

—t—7T v, | | [ v 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Time/min

14
L (b) n=1/2 °
12 L Temp./K
L & 773 v 873
1.0 - A 973 e 1073
. 08r e
= 3 A
[©) 0.6 -
04
02
0.07\ T 4SS T v vy O A
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time/min
| (d) n=2
75 L Temp./K
& 773 v 873
4 973 e 1073
. 50r
=
o
25
/
00 »—r—¥——F—3F 3
L 1 1 L L L L L L L L L

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Time/min

K5 RISZE =0, 1/2, 1, 2 N HLZE R EL G (x) B S B2 (8] (22 4k
Fig.5 G(x) vs. time for n=0, 1/2, 1, 2, respectively

iRt 1 S [ R4 AR AR AL, HRBE HT ) AH 4 FePO,*2H,0, 5
I 4k FE S ¥ M N FePO, (JCPS Fr #E & A 5 01-077-
0094), FHFHi & Sk, AA I B S mRYIAH .

i 45 7 /5 PR [ A 2 i AR A DL T 7(b)e MBOBE T
[ A 75 990 em™ B I/ AL FAJ U J& T P-O—P B 0] Bk i
PR35 1000~1085 ecm™ 4k ()14 J& T P-O-P [ 45 4R 2 5
988, 1000 f 1032 cm™ 4b [ I 1)y FePO,* 2H,0 HRFAIE

UEEROT, BB S5 1% X A A AT AE 1013 cm ™' I, FePO, 114
FEWE . SRR T I 44 b 447 em™ 4B IE YR T O-S-O 25 i
PR, 980, 1124 cm™ AbFk 55 IR 21K 73731 9 S—O B
FRAH 45 42 2 F1 S-O 48 25 i 41k 3, 1X LU 34124 SO,* Wi
SRFAENERT TR FE A A B AL R AR VRS T K, R
I AR AR B 2



274 U = B S

=3 ZHn=0,12, 1,2 A EIRE THIEHWEX R
Table 3  Fitted correlation coefficients at different
temperatures when n=0, 1/2, 1 and 2

Correlation coefficient

Temperature/K
n=0 n=1/2 n=1 n=2
773 0.99674 0.99719 0.99749 0.99762
873 0.93052 0.94637 0.95967 0.97857
973 0.96313 0.98158 0.99263 0.99049
1073 0.81095 0.87560 0.92861 0.99344
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