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Abstract

The effects of reaction temperature, nitric acid concentration and reaction time on the dissolution
rate of iron phosphate waste residues, as well as the effects of iron-to-phosphorus ratio, reaction
temperature and pH of reaction system on the properties of iron phosphate were studied. The
chemical composition, morphology and crystal structure of the iron phosphate samples were cha-
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racterized and analyzed by TG-DSC and other analytical methods. The experimental results show
that in the dissolving stage of waste residue: when the reaction temperature is 95°C, the concen-
tration of nitric acid is 1.5 mol/L, and the reaction time is 4 h, the dissolution effect is the best; in
the preparation stage of iron phosphate: when the ratio of iron to phosphorus is 1:2, reaction
temperature is 70°C and the pH of the reaction system is 1.0, the yield of iron phosphate is the
highest. The level conditions of higher purity: the ratio of iron to phosphorus is 1:1, the reaction
temperature is 60°C, the pH is 1.5, and the iron phosphate content is 80.05% at this time.
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1. 5|8

TAMRBR Ayt 2 W IR B A ) B B T IR AR B SR B TolkAl, (SR BE— 2D W Fe iR m ™ i R RE, BRI
PR AR BAT R L [1] [2]0 BEBROBHRIIMERR . AU AT A5G, 1 Hd 238 Al
BRIV IR . TR MIA DX TEREMAITTE3] [4]. Bk, X BEREkIEATIRAESLLE, AMLATEL
SEHL TV AR R FEVIR 255 R, B w1 DLRTH b 22 BFALEE (5] [6]. XURASSE TR SIS i R AL #E
PR R PR, AESEIUR K T HE (R, 3 w] AT 3 M DB A s BB B 5 S . 2R HESR[S IR 70 Ak 2
ULETE, KRR KA PR B BB AR AR R AR 7 B JF: B ie, e ok 7 BRAT BR HRE R 20 25 BRBRRAR AN
AR I 7 HE K AN 5y [ 15 e I BAR e

AT TSR R BT O IEORE, vt — NIRRT SN SOSEINS TA] R TR A EE B e i R Bk
PRASIE A, BRSO NIRRT L . SR EN pH BEAT & R AESE . AHBCH AR AR ] %
R T, BAW TN o, RAIESZCEIRIE Z AL, Rfiiscih Emiadt, Hik,
R VOEL S R ARk, L AR, AN, WAMA, HEDNLENRILT AL
TISEIREE R, WAL, HO BS54k,

2. MR EFE
2.1. SEROREL. BFIEAERIEE

Tl IR Ak I VA B I PG A e A 7 b, A2 23 0 AT 45 SR (%) 4 Si0; 0.10, ALOs 0.35, Fey0; 37.93,
Ca0 0.09, K,0 0.04, Na,0 0.90, P,0532.05, SO51.04, MnO 0.13, Co30,40.14, NiO 0.11, C12.33, IL (%
%) 24.81,

LIRS, BRER, BERR, Z=UK, ¥oASal, RgEZEHR, EETK, LR=EA

SEIG W ARG R T8R4 (GZX-9023MBE, _F iR STV AT R A 7)), pH 1H(PHS-3C, b ifF & A A%
I, X EEEOHL(TDZS-WS, WG S KA R AF]), HIHAEYL(DF-101S, ¥ F T4
A ERTAE AT, T RF(FAL004B, Lilg-FRIZ2ZAGEARAR), AESHTIX(NETZSCH STA
449C, &),

DOI: 10.12677/aep.2022.125128 1032 IR AT


https://doi.org/10.12677/aep.2022.125128
http://creativecommons.org/licenses/by/4.0/

KD 55

2.2, IERREEIT

MR R 5
IS SR TR iSE Vi RESS (0} AU

Table 1. Factor level of dissolution rate

=1 AMERRKFE

MR 2 RSCEE. RYFRHCEE. R BI A — A SIREPKT L@ FERH, Wk

FSES
7J<qz A B C
SRR E(C) TR FE (mol/L) SR (] ()
1 70 0.5 2
2 80 1.0 3
3 90 1.5 4
4 95 2.0 5
IRIE BRI R 2R BBl LL . OSIERE. RBA R pH Bit— A= REIKT Ligd)ERRER, W

122, FEOMT S RIZ AT XS 7 R o

Table 2. Factor level of productivity
=2 EERERKER

K

BRI

1:1
1:2
1:3
1:4

AW =

FSEN
E F
MR E(C) pH
50 1
60 1.5
70 2.0
80 2.5

2.3. LR
IR S B6 HR Al PR Bk S IS VR FE LI 1 6

TEFRTR
e wk | wm
i fER K I B
i Wk p| AR
E KN Witk
o Bi (12h)
R/ N 3
B | BERRBRUTIE
T Fit

Figure 1. Flow chart of iron phosphate purification process
1. BEESK IR AT IR RAEE
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2.4. ABREAIRAESCIG IR

ARG DA R PRV N JEORL R FH UUIE VA & OB IR R, SEIR Ay NN B — RIBBIEMIN B, —&
IR B FE AN B o SEI0TT 46 A0 R FH IEASREG vk e HE S0, DA R B e e el 2 A o

1) BRI BRI D AT

a) REUBERRER IR ES , £ 200 HARAETHIH 70 SO AR, B4 10 SR DU 5 L0 R R 8 Nt

b) #%# 0.5 mol/L. 1.0 mol/L+ 1.5 mol/L 2.0 mol/L VUK T (IRl BRI JEE 1Al BR B R VEE 2 VA VA N e
b, IR AR GUAR IR In vk A 3R 2% 4 70°C . 80°C L 90°C. 100°CA[E SNIREAT 2 hy 3 he 4h.
5 h AN [ Sz L B [LEAT 40 VA A

C) TR IR VA VS — BT () S A R A B Bl RV AR

BERRER I R AT AR S (%) = (MRREKFE EE — BB EE) x 100%/ IRk KE H &

2) IR AR B ARSI P R

a) HEAGEE N HEE A RE 28R E 50°C 60°C 70°C 8O°CAN[E] S MR, [ VA MR v i N AS [
PIBERR ISR ERBELL 1:1. 1:20 1:3. 14, FRRWIMANZKIES] 1. 1.5, 2. 2.5 ARIRNARRF pH, ke
SR 4 h AR R E DTG, FRAE 12 he

b) HA BT IEBIN B OB N EC, HIMEE FRIET 2 REREE .

c) RHEBE S I BN T1EAR 70 CHET 24 he

d) FERET S B3 [ A R A ERATT B Bk AR, FRiE, 2E4E.

2.5. HERALIE ST

RAFFITFE AKX 77F K(%) = JRAGRERKEE x 100%/BERR KK 5 &
WRYE T AN A XS BAEREATIZE . TR, IRt & BT R 2R .

*&%RjzmaX(Kjl’Kjﬂ j3a"'aijasz17Sj2’ j3’”"S/m)_min(Kfl’sz’ij”"ijEJZS sz,Sj},mijm)
BRZETTT: SS, =Y X] -CT

SURE TR S, =3 K3 -CT

2
cr="1"
n

"2 S =88, -SS,

BHME: d=n-1=df,, +df,

WERHMHE: df, =df, =df, =m—1 (m NHRZEKFNE)
SS

ﬁ%: VZE

Vs
mﬁF%#%Fﬁ%=%5

3. ER518
3.1. 5 TG-DSC o471

B 2 RN - ek, @AM, FHEHER 10°C/min. AT PLEH: 26°C~200°C 2 [a], #
HEATL IR RRE . — BN, 100°C~1207C 2k gh KRS 6K, FEiE Aok, RS
TR Y B P 22 45 K [9]; ELREELE 500°C ), KREMLH L, MRS E D 37.74%, %
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FbE K, ZEREJVFAREEAAE[10]. 72°CH, IR, FLoRkE S K R 529°CIE, DSC #h
LR PG, R AETES LS 600°C~750°C, DSC HIRMHE, EIFETEN a-fo 00 B MR 2k i
AR, 750°C~800°C i I8 K F 40 b 0.27%, BB v i A e, EBETRE, REU a-f el

PR BRI X AFAE
100 1.0
95
. -05
90 529.5°C
85 ~0.0
' 2
? 80 = -~
SR 05 =
2 75 E
. 2
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Figure 2. Analysis chart of TG-DSC
[& 2. TG-DSC 74 [&
3.2. RRGRE. FHERIREE . SRR IE) X A EE Sk B S TR R R AW
MG 3 B, XWIEMRBATRI, FIHRESER, SRIES.
Table 3. L,4(4°) orthogonal test scheme 1 and calculation results
F 3 LA EXREHR | RITEHR
R A B C e BRREZ S %
1 1 1 1 1 1 8.93
2 1 2 2 2 2 23.30
3 1 3 3 3 3 86.65
4 1 4 4 4 4 85.62
5 2 1 2 3 4 13.97
6 2 2 1 4 3 37.30
7 2 3 4 1 2 73.01
8 2 4 3 2 1 88.83
9 3 1 3 4 2 41.43
10 3 2 4 3 1 49.17
11 3 3 1 2 4 87.91
12 3 4 2 1 3 48.05
13 4 1 4 2 3 31.35
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Continued
14 4 2 3 1 4 35.47
15 4 3 2 4 1 85.97
16 4 4 1 3 2 79.36
S, 51.13 23.92 53.38
S, 53.28 36.31 42.82
S, 56.64 83.39 63.10
S, 58.04 75.47 59.79
R, 6.91 59.47 20.27

M3 TR R AR 3T 4 AT DU HH A 6 A 3 X P A 3 O B 10 1) T OB N IR DR . > R PRIR . >
SMEIST], B S N FE R RO ek, HUGRRHIRIR AL, feJa 2 SBIS [] o PRI 3R %% 7K1 S B I o %
NHERAADACF R E T EEE L. 5, B EE B EE BT B I S T 2 (A SRt
ITRTE BT, R AP S, BTN WA 3 R R R AR R E A .

100

. \

60

40 4

Y

20

O-ﬁxzﬁ;ﬁ’. {8l

A B
eIV G

Figure 3. Average dissolution rate at different levels of reaction temperature (4),
nitric acid concentration (B) and reaction time (C)

B 3. RRGREA). FEEGIRE (B)FNR RIATE](C) &K R MRERMER

FP 3 TN VAR S SR T dEn, E 95 CHE VAR K, TAF] 58.04%. XK M
FHELE BB TG, IR NI 2R o I AR 6 R i TR VR FEE D38 I e S B kB, U B VA R AR
FRIRFEAN 1.5 mol/L X IARIRK, IR N 83.39%. XK NMIRIER— KRG, B RKMIRIKE &
I 45 s (RO T P o VS PR B T 5 s I I ) )30 G e B JE 18 P R PR 3y, U B VA A 2 7E I SEIN (]9 4 h
B, R R EIAR] 63.1%. XZEFA RN —BF IRl E, BB ek A SR IEBERR R 11]. W15k 4 2
fifR 2T ZE TR
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Table 4. Variance analysis of dissolution rate

T4 BBERESHR

2 5IR S5 A df ¥1J5 F P
Intercept 47996.05 1 47996.05 252.53 0.000
SRR PE 118.748 3 39.583 0.208 0.887"
BRI 10158.38 3 3386.127 17.816 0.002""
SR (] 956.679 3 318.893 1.678 027
Residual 1140.365 6 190.061

R2=0.908

p>0.05 (REM) Tp<0.01 (BEMHK)

TRAE e 4 A5 SR VA I B35 1 (F = 0.208, p = 0.887 > 0.05), i B [ JSi T HEAN S 0 v iRt
R R R, IR S R FE(F = 17.816, p=0.002 < 0.01), VLB LR AEE, RERRIK L 40)
BRRTEER KR, AEERAES T 2 0t B dr. O 20 B EEE = 1.678,p

0.270 > 0.05), i B S MBS [B] FEA 2 IS il e r= AR 22 S R R o

3.3. kit RAGRE . pH MHRABEL SRS IR

Table 5. L,4(4°) orthogonal test scheme 2 and calculation results
F 5. Li(4)EXREHR 2 RItEHR

A TAsH D E F e PP K%
1 1 1 1 1 1 58.42
2 1 2 2 2 2 67.24
3 1 3 3 3 3 65.20
4 1 4 4 4 4 47.04
5 2 1 2 3 4 64.64
6 2 2 1 4 3 86.76
7 2 3 4 1 2 83.15
8 2 4 3 2 1 70.91
9 3 1 3 4 2 61.93
10 3 2 4 3 1 51.25
11 3 3 1 2 4 93.70
12 3 4 2 1 3 66.74
13 4 1 4 2 3 84.77
14 4 2 3 1 4 74.44
15 4 3 2 4 1 65.25
16 4 4 1 3 2 66.93
K, 59.48 67.44 76.45

K, 76.37 69.92 65.97
K, 68.41 76.83 68.12
K, 72.85 6291 66.55
R, 16.89 13.92 10.48
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WRyE LA, R, FIMRE. TEMTR, DURERZKFEIEE 4.
H14¢ 5 77 F M Z2 oA m A, RBG DR 3007 AR 0 Ut BRIELL > ROSGEFE > pH, BIEk
B LR 7 R R ROR K, FLOR UM R i Jm 72 pHLe
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[ |\
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Figure 4. Average yield of iron phosphorus ratio (D), reaction temperature

(E) and pH (F)
B 4. skt (D). RELEE(E)F pH EF) &K F=ERIEE

EH ] 4 R, 7= 2 A R LI/ S 1S J5 1, FERE K, T B A Bk L O 12 ), P 3R =8 3 76.37 %
XS RO B & i 2 R M B R R SR AT A, TSI = S S 0T o P 2R B RN Y T e RIS e
REfkass, UERA SR N T0°CHF, FEEE, TAF] 76.83%. X2 K AR BT i ml DLR/D 22 BB 72 3R
2B pH BOHG KT RILSEH 5, FERERpES, U], 2 pH N 1.0 I, 77EIEH] 76.45%. K24 pH
WRJE, SEERDTIE G T B R )R MR AE .

Table 6. Yield of variance analysis

Fz6. FEFEDWN
Z 7R ST df Syl F p
Intercept 76780.25 1 76780.25 420.285 0.000™
BRI 639.311 3 213.104 1.167 0.397
SRR 405.463 3 135.154 0.74 0.566"
pH 284.808 3 94.936 0.52 0.684°
Residual 1096.116 6 182.686
R?=0.548

p>0.05 (EM) Tp<0.01 (BEMHK)

2% 6 nl . B tb s S B ME(F =1.167, p=0.397 > 0.05), Ui L A SXT P2 R4 2
FRFR. RN RE EIH EZE M =0.740, p = 0.566 > 0.05), 158 SR B AN S0 77 R e A 2 S o
Z. pH WA I B EMEF =0.520, p=0.684 > 0.05), il pH IEASH = H A ER LR,
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3.4. BEMmS T

AR A AU A1 P 2R S gk — DA o M o Bl ER K IR T S $E 4t S IR Bk A o A5 SR A A nt Bl
#7.

Table 7. Results of analysis and comparison

= 7. BRI

R BERL 1A% FEfh 2 5 E%
SiO, 0.10 0.11
SO, 0.71 0.85
Zn0 0.02
FePO, 79.42 80.05
IL (B22k) 19.75 18.99

WRIEALI I3 R AT RHEE A B0 0 A B E BRACRIE P, BRI R, 1 80% /i
WRIE 7 AT TR, Hrh BRIk b g N IR AT 5

Fe/p = e

0.5545—— M LR AP IT R AN R F L.

AIAL: AR 1 PEEJCER B8N 5.83 ppm, BRIGER & 35.44 ppm, FICHR G E 2.00 ppm, HTR G E
36.65%, WEILER T 20.32%, HAEBELL N 1.00. 50 2 FEETCER SN 6.35 ppm, BRIGER S EN 52.52
ppm, BILER G EN 36.60%, BEILEGEN 20.30%, HABitt ol 1.00. AR H 2B Rk 7= i i B e
3K, BRBELLEAE 0.97~1.02 JEHE N, Zn IS EAELE 0.005%, S FEAEIT 0.01% [12].

4. &5t

1) BRI B RS A 25 IONR N 95°C L FHBRIK N 1.5 moVL. M [A] 4 4 ho

2) FER VA i SO B AP SR A 2R B, T DA tH ™ b v (R B BR K & k- 2% 1. BRI LL N

v RBLREEN 70°C L RBEFR pH N 1.0, HAi FER S /KT 260 BRIELE R 101, RBRFE R 60°C,
pH jﬂ 1.5, MCEIBERREL 5 & 80.05%.

=
AR ST B S ARE TR R (W H %5 20202GYZDO013-20) 55 B

&E ik

[1] T, MRoCR). BRERERE R S B RR B MYID R 7L )], AL FI, 2020, 34(8): 1-3.

[2] &k, A%, B2, WL, R T & K ERE[)]. 1h T EERE, 2021, 40(4): 2227-2233.

3] Sh%k BEUURMERSES BRI B FU[D]: (25078 50). B B T K%, 2019.
https:/doi.org/10.27200/d.cnki.gkmlu.2019.001467

[4] BRad, P07, FHEM, TRIE. BRI PEAR NG R KR A PLERI]. RIS = Tl K24k, 2018,
35(4): 268-272.

[5] Salamani, A., Merrouche, A., Telli, L., Gomez-Romero, P. and Huertas, Z.C. (2018) Synthesis and Caracterization of
Mesoporous FePO, as Positive Electrode Materials for Lithium Batteries. Surface Engineering and Applied Electro-
chemistry, 54, 55-63. https://doi.org/10.3103/S106837551801012X

DOI: 10.12677/aep.2022.125128 1039 IS RI R


https://doi.org/10.12677/aep.2022.125128
https://doi.org/10.27200/d.cnki.gkmlu.2019.001467
https://doi.org/10.3103/S106837551801012X

KIEZ 55

[9]

[10]
(1]

[12]

5%, TROCES, wAEME, TRIE, DR, R & i R AUKRBEER L)) 1L THEE, 2019, 38(11): 5015-5023.
XIS, BRI, Y, B RSB A E B IR A T K I FHR T 28T R[], BhLEE Tk, 2021,
53(8): 101-105.

2o, XRBA, QRN 2B, AR o B UTTE LR IR kA K R B R AR AR AR [J]. b TIRR, 2018,
38(4): 413-418.

06 5 AR RS T T A T 0K A T I A A ARM B o 45 B M REAT FE[D]: [ 256 3], T KK,
2021. https://doi.org/10.26976/d.cnki.gchau.2021.000655

RN, SRR, ZRIERE, TR, MigsR. IR BEGE S % s g R 2k[J]. ToHLEE Tk, 2020, 52(10): 135-139.
RGERE. WAL E SR Al 5 R gk L LR WAL [D]: [ L2500 3], B RIS = Tl K2, 2020.
https://doi.org/10.27916/d.cnki.ghdeg.2020.000017

S e RN P TN /0 A7 IR QS ER R/ 47 1 g 7R It 0J i 1 D) O e e VA 2 G G B - N
2019. hitps://doi.org/10.27727/d.cnki.gwhxc.2019.000288

DOI: 10.12677/aep.2022.125128 1040 IS RI R


https://doi.org/10.12677/aep.2022.125128
https://doi.org/10.26976/d.cnki.gchau.2021.000655
https://doi.org/10.27916/d.cnki.ghdeg.2020.000017
https://doi.org/10.27727/d.cnki.gwhxc.2019.000288

	磷酸铁废渣的提纯试验研究
	摘  要
	关键词
	Experimental Study on Purification of Iron Phosphate Waste Residue
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 实验原料、药剂及仪器设备
	2.2. 正交试验设计
	2.3. 实验流程
	2.4. 磷酸铁提纯实验步骤
	2.5. 数据处理分析

	3. 结果与讨论
	3.1. 样品TG-DSC分析
	3.2. 反应温度、硝酸浓度、反应时间对磷酸铁废渣溶解率的影响
	3.3. 铁磷比、反应温度、pH对提纯磷酸铁实验的影响
	3.4. 样品成分分析

	4. 结论
	基金项目
	参考文献

