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ABSTRACT As an important chemical raw material, phosphoric acid occupies an extremely important position in
the chemical industry. The application of phosphoric acid is mainly determined by the purity of phosphoric acid,
low purity phosphoric acid can be used in industrial and agricultural neighborhoods, while high purity phosphoric
acid can be used in pharmaceutical, food, electronics and other industries. In recent years, with the increasing
demand for batteries and semiconductors, the purity of phosphoric acid has put forward higher requirements. There
are two main manufacturing methods of phosphoric acid, among them, thermal phosphoric acid consumes large
energy and environmentally unfriendly, which does not meet the needs of China's development of green chemistry.
Wet phosphoric acid has low energy consumption and bulk and complex product impurities, which is more suitable
for treating low-grade phosphate rock in China. Compared with chemical precipitation, crystallization,
electrodialysis, ion exchange resin and other purification technologies, the extraction method has the advantages of
green environment, simple operation and large production capacity, and is a phosphoric acid purification method
with great development prospects. This article summarizes in detail the research status of various extraction

methods in recent
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years. The basic principles and development trends of solvent extraction, aqueous two-phase extraction, reverse
micelles extraction, ultrasonic-assisted extraction and supercritical fluid extraction were emphatically introduced,
and the solvent extraction method and various extractants were emphatically sorted out. The research of single
extractants such as tri-n-butyl phosphate (TBP), methyl isobutyl ketone (MIBK), and n-octanol (NOA) mainly
focuses on exploring the optimal extraction conditions (O/A phase ratio, temperature, and air pressure), but a
single extractant can usually only extract a single impurity and cannot meet the extraction of multiple impurities,
so the composite extractant has significant advantages in phosphoric acid purification. At present, researches
highlight composite extractants are mainly on the proportion of extractants (usually the volume ratio) and the
optimal conditions for extraction. In addition to composite extractants, the new extractants can also solve the
problem of low extraction efficiency of a single extractant. Finally, the future development trend of extraction
technology of phosphoric acid is proposed: 1) development of green composite extractants, new extractants, new
materials combined with extractants that can achieve efficient separation of impurities from phosphoric acid, 2)
increase the research on the application of aqueous two-phase extraction and reverse micelles extraction in ion
extraction, and explore new aqueous phase systems, 3) use ultrasonic technology to accelerate the extraction
process, and study how supercritical fluids can improve the solubility and extraction efficiency of ions. Reduce
costs and explore specific application areas.

KEY WORDS phosphoric acid; wet phosphoric acid; extraction; extractant; aqueous two-phase extraction;

reverse micelles extraction; ultrasonic assisted extraction; supercritical fluid extraction
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Table 1 The concentration of major elements in the phosphate rocks from various origins.*

Constituents PR1 PR2 PR3 PR4 PRS
P,Os 29.0 28.7 30.4 29.4 31.2
CaO 53.2 53.4 57.1 48.4 55.8

Al O3 0.51 0.33 0.13 0.44 0.51
F 3.12 3.53 3.32 3.47 4.07
Fe,03 0.64 0.21 0.27 0.55 2.31
K,O 0.20 0.10 0.22 0.22 0.13
MgO 1.31 0.341 0.348 1.01 0.413
Na,O 1.54 0.61 0.52 1.09 0.6
SO; 3.36 1.46 2.68 2.71 2.36
SiO, 2.93 8.67 1.67 2.66 5.77
SrO 0.27 0.19 0.25 0.26 0.12
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Table 2 Main impurities in wet process phosphoric acid™

The main dissolved impurities in wet phosphoric acid The main insoluble impurities in wet phosphoric acid
Cationic type Anionic type Crystalline Colloidal type
Ca®t Mg2+ Pb Fe* AP Undecomposed phosphate and Si0,'nH,0, acidic phosphate of iron,
o gt a2t ’ CI', SO:.4, F, etc. gangue ores, sulfates, fluorides, aluminum and potassium, acidic
As”", K", Na’, Fe™', etc. L. X .
fluorosilicates, etc. phosphate of iron and sodium, etc.
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Fig.1 Solvent extraction principle!®
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HHEH (TR i R 5w RE A A AT 4 B R T
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B 7SR GEAEHGR, S KW AU AT 5 R — SR B A . AR S R T R R
BEREHLF] P204 ( —(2-Z.F: CIL) RIS ) A1 P507 YA HUME BE G /K FH R BE i 384 KM &R R
B, [RI A 23 7 A KB BRT5 YK o AR — 1) i, Han 25T S BRI SRR & 1
TR R ER R BE ALY, DAP (EER —H8) M1 MAP (BEERHLE). DAP/MAP Xt Ni*™,
Co™ M1 Mn* HIZEEUE 23 1IN 57.58% 69.42%1 75.70%, i K T{EM[FEIZ%T, P204 Al P5
07 % Ni**s Co™ Fl Mn® fHAHUR . Han PR T — R BACEH 2- (W ((2-ZFEE )
O W) 2-FRK TR (HPOAC), 7] MG B 2R A4 1™ fm R R 35 HE Y v o 3 ek 2 RORN vy
MEEMmTICR. 4SRRI EN &8 E T RAN B IEGERT P204. P507, FEALE X A
Z&J5 AI(IID). Wang 251 7 —Ff P-15 2GR, BEAH 22 ik B b e 5 1.

GEAREG R EAEL, Silva PR T (-2 K CR) BRIEHE -6 9ikeT4E,
FF 3 B MR SR B AR 2 o 45 FIIE SR A YK 4T 4 S5 AL G- AR B R AR, (HKK
WD T EVRME . Yamada 2521 T 3T RUACBEIR Sh AN T HEIRR R O ARG 1, 3-
OO AIERABEEE RIS 2 (Bxt 1D M1, 3-7 (CHEHEBRABBEIS F (Ext2), JF
W9t 7 eI HCL 1 HNOs fA R &EEL P BE /1. Ext | FUEHUIZEL T HCL W+ 90-
99.9%F#) Pd*"F1 HNO; B4 J@ VAW 99.8%[) PA™, 1M Ext 2 7E PR H#8ICIEN) P> 3
AT HEEL

XFT BB LR ILRZEBGR F AR s b AT g, a5 SRk 3 Foi.

3 EMERFIMMKES

Table 3 Advantages and disadvantages of various extractants

Extractant Advantage Disadvantage Paper

Insoluble in water, little impurity
content

[24]

TBP High price, high density viscosity and difficult to layer

TEFsiteent, G0, o (10 Ty Poor purification effect of anions, large solubility, high

NOA separate auickl recovery costs, and the purification of high- 1ol
P 4 y concentration phosphoric acid is not thorough enough.
P204, P507 Low price, high extraction rate Poor selectivity, difficult to reflux, easy to emulsify (25.26]
MIBK Good selectivity, stable operation ~ Water-soluble, volatile and costly 271
N235 High extraction rate, mature Volatile, flammable and explosive, susceptible to 128, 29]
(trioctyl tertiary amine)  technology, good selectivity impurity ions
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T MHBERR P A & B m, HRE S, AT —Fh 3 BN 58 Ok i R i 4li4k
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P AT AR . Hu ZPHR3E T IR A Cyanex272 Fl Cyanex923 A HUHIAERTBRIA
WP RIZEE Sc(INFE. #RF T Sc(lI)E HCl. H,SO4 M1 HyC,0, ikl A 28 Hh (95 HH %
BE. fFH4 W, =FHNEHMERED N: H,C,0,H,SO>HCl. fEAK H,SO, iKJE T,
Cyanex272 il Cyanex923 %} Sc(IIT)A W & i ¥ [E] A< B F



Jian ZEBUo B FIBEAL BEHFABE N, N-— (1-FRBEFREL) ZWEk (N503). FIJEmR — i
BEliE (P350) A1 TBP, MERRRVEM AR . I ZEBUS AKX N503>P350>TBP.
B 5 NS03 Al P350 A HUF A A A 4 N[InClL] [2S-H]; 5 TBP MKMW &Y N
[InCly] [3S-H]', Hrf S AP ARG, WA i E SRR v P 3 I, N503 &
=F PRI IIRERF . Zeng 252 A TBP 1 P507 (IR NZEELH], 43 B A7 14
W IR PR Mo. W Al Fe, BEFL T AFEZEEGIXT TBP MIAEUER, KL P507 %I
Mo Fl W A B FEIVE, X Fe MIABUEERIFEDEM . Reunal ®* R L S50 o
B —-2- 2 5 R R (DEHPAYE R HGH], MW BERS #2545 . 7E pH = 2.5. DEHPA N
0.6 M. A/O =12 %M, BRAERZEIX 99%.
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%%ﬁnﬁ 2. Neib ZPUFL T MM ELSMEAE (PIM), T2 BEHAMEANE T
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Table 4 Comparison of Solvent Extraction Method for Removing Impurity Ions in Phosphoric Acid

E]xet rr‘?ecrt:zs Extractant O/A ratio E?érgz;lg;l Paper
12.5%TBP + 87.5%Kerosene 1:1 100% B37)
Fe 50%P204 + 50%Monoalkyl phosphate 2:1 91% 1381
15%TBP + 5%D2EHPA + 80%Kerosene 1:1 99% (39
10%P507 + 20%N235 + 70%Sulfonated kerosene 1:1 89.4% 140]
70%TBP + 30%Isopropyl ether 4:1 76.9% i
H;PO, 80%TBP + 20%Kerosene 2:1 83% 42]
80%TBP + 20%Sulfonated kerosene 6:1 70% 143)
| Kerosene 12 99.25% (4]
Simethicone 3:1 99% 143]
N-propylpropan-1-amine + Kerosene 1:1 95.3% 48l
v 30%TBP + 70%Kerosene 1.5:1 96.67% 7]
- 30%TOA + 20%Iso-octanol + 50%Sulfonated kerosene 2:1 83.75% 148]
15%TBP + 5%D2EHPA + 80%Kerosene 1:1 80% 391
n 33.33%]onic liquids + 16.67%P204 + 50%TBP 1:3 98.11% 1)
30%D2EHPA + 70%Kerosene 1:5 98.5% 501
P204 1:3 95% 51
s¢ 10%P204 + 5%TBP + 85%Sulfonated kerosene 1:10 99% 52
F 70%TBP + 30%Silicon oil 1:5 98.4% (53]
Cl 30%N235 + 20%]Isooctanol + 50%Sulfonated kerosene 2:1 78.9% (541
P,0s 90% N-butanol + 10%Isopropyl ether 5:1 90% 53]
Li 40%TBP + 20%Ethyl butyrate + 40%Kerosene 2:1 87.12% 56
Co 30%N235 + 70%Kerosene 2:1 99.997% 7]
Mg 20%TBP + 80%NOA 1:1 72.11% 18]

Cu 30%MIBK + 70%TBP 1:1 99% 591
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XK FHAEEL (Aqueous two-phase extraction, ATPE) & — MR- &S A, SUKHAE FR
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Fig.2 Phosphoric acid extraction diagram using ATP
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B AZEHL (Reverse micelles extraction), XFRARMKHA, & H T A5 )%
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FHZ AV S S AR, SRy A% PR b BRI 06 & ISOSCR IR I TR I T A
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RAAZERDL, TERAESY) MD,-6HD, IHRAEGHIAR®, Luo ZWR I T 7 8A HUAH 1)
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) 2 $R 708 HLAR ARG B AN B K . Dong ZEVOMRE T 2 i Y B 1 WAk A B
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2. 4 BFEThEIZERY
EFEPRBIACEL (Ultrasonic assisted extraction, UAE) & Fi| FH i 75 5 FLARF A 1004 S 20w AR
DA B AR, AT A e 2 B S5 gk N 2 B 77 L ) — o Rl o B 2R BT v . AR Dol AR
BERRE R b, AR E O T B A8 . A ERHER, (SRR E
e, SR, UAE AR T H BRI A AN . F0GRORE DL RIS, A 2%
R R, FE R ST B 4 JBoR T R S R
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Fig.4 Schematic diagram of ultrasonic cavitation process

Preethi 2517t Ll 7 B0 BICHR- TR OR AL, 4% 3 BT - L0 4 LRI 75 B 4 AR -V
TR U5 VA A HOG A vh AR AR ZEHR ISR s FEIR = b5k, A BB
BB BT 153K 18 7 SR AR UAICR . Zhang 25U 7E A EURR UL B h AOBEET , Tk
FRI Bt F R A AR AR TR Fe®', RORGME 7AbFEI ). Xia 2517°M 5 BT BRI ACHU) PN-1 2
WO B Mg, @5 T M ROETERE RS, KBUEF RN 74 W, O/A LN
4, JKHIFHE S 0.2 mL-min™ i, Mg* HI3REUE T IA 89.09%.
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WAL, i A e i 5, YA B B RS B, gt T
— M T R I SRS . T I SRR 22 L (Supercritical fluid extraction,
SFE) 1EEA ] T WAL I 5 2% AF T FU R IR S5 AR — b 7 18 R0 AL & 00 3 10 A B G
Ao ERAERES, EH A AR R I SRR SRR B B I SRR A R
FEE N 5,

[72]
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Fig.5 A flow diagram of the supercritical fluid extraction™®
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Table 5 Comparison of the main extraction methods of phosphoric acid

Method Advantage Disadvantage Paper
Solvent Simplg process ﬂow,' good 'selectivity', continuqus Large amounts of organic 0
extraction opergtlon, large production capacity, and high separation solvents
efficiency
The reverse extraction is difficult,
ATPE Epvironmental}y friendly, exce]leAntA sepgration efficiency, the separatiqn of the target [60, 81, 82]
high product yield, short phase splitting time compounds is difficult, and the
extraction process is unstable
Selective separation and extraction, stable extraction
Reverse system, mild conditions, flexibility and controllability,
micelle energy saving, efficient extraction, and the molecular  Poor phase separation 165, 83, 84]
extraction structure of the compound can be retained during the
extraction process
High energy consumption, large-
UAE High efficiency, fast speed, stable extraction of chemical scale equipment, hjgh co;t, and [78, 85]
structure the thermal effect is relatively
weak
Can replace organic solvents and reduce the risk of
reaction, moderate critical point, inert, non-toxic, non-  High equipment cost, complex —

SFE flammable, low price, easy to recycle, combined with the  operation, and poor sample
high diffusion of gas and good solubility of liquid, almost  versatility
no secondary waste, and the product is easy to recover

3 ERSMN IR R

TRVEBERR AL B K A DR BEBR 1] 4% T2 — KBRS, EANRAE 1914 F50F
IR BRIFAIRIETERR, FRAE 20 2B )/\HPEARURE K s & R iR, A
A DAL 34 2500 M R 2 T, (ER SRR — B XHAMA S . HAT, ERR BN Tk
PR EERIE R LA E B . BB ETE . A&W £, IMI 7%, Rhone-Poulenc £
HAIES Prayon 91250, HrppiB . P2 R B RAE A EBLHE. A&W M
Rhone-Poulenc 7%, T [ P9 ¥ 7 3 BURIEBEBR B RWT A e e, (HEt DU+HEmR R, K
IR 75 77 A B A TR B B B R ST A 4T T 7 EE A AR 2 I s i 75186 B 02 1) 1 P9 4k
RSO 6. HETENA 2 KNI RIS IEB R AW 78, R AESLhR Ak =
WA RN F 2R EREEREA . PR AR FINE KR ERE AR K, fiEEE
2006 451 HELAEF IMIEAR, FHEAEIRERAL 3T B EF R, 2010 AR B fe 110 1 T
WAk, 52 FU TR ENE. PR H AT TG R H AR 9 B P2 R,
TEA%E%, EAFEEENMTT . ik 2018 4, EANELIRRERR 6 O 8L 100 15
t/a.

% 6 %ﬁ]iﬂﬂiﬁlﬁl ng\&m ﬁ&[ﬁe. 90-93]

Table 6 Application of solvent extraction method at home and abroad

Technology Extractant Final product Grade Remark
85%Industrial The domestic scale is
lienzi MIBK phosphoric acid Hoodlpzade about 450,000 t-a”!

Mixed solvents (TBP, N- o - . The domestic scale is
butanol, Isoamyl alcohol, etc.) [orolhesphoriclasis Indusisializrads about 210, 000 t-a”

Central China Central China Normal 85%Industrial Industrial erade The domestic scale is
Normal University University’s patented phosphoric acid & about 60, 000 t-a”

Sichuan University




synergistic extractant

75%-85%Phosphoric The sulfate content of the

A&W MIBK acid Hoedigmds product is high
0,
Rhone-Poulenc TBP e A)FOOd. grade Food grade /
phosphoric acid
0, 0, -
IMI 85% Isopropyl ether + 15% N / Feed grade The sulfate content of the

butanol (or Isopropyl ether) product is high

Industrial grade The fluorine content of

+
Prayon Isopropyl ether + TBP / or Food grade the product is higher
Iprochim/Icechim N-butanol / Industrial grade The sulfgte content of the
product is high
. Follow by H-type cation
. 75%Industrial . .
Budenheim Isopropyl ether phosphoric acid Industrial grade exchange resin after

extraction
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