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ABSTRACT Phosphoric acid, as a vital chemical raw material, holds an important position in the chemical industry. Its applications
span across various sectors, determined largely by its purity. Low-purity phosphoric acid can be used in industrial and agricultural
sectors, while high-purity phosphoric acid is essential for pharmaceuticals, food, electronics and other industries. The rising demand for
batteries and semiconductors in recent years has led to increased requirements for phosphoric acid purity. There are two main methods
for manufacturing phosphoric acid. The thermal method, while effective, is energy-intensive and environmentally unfriendly, conflicting
with China’s green chemistry development goals. On the other hand, the phosphoric acid process, characterized by lower energy
consumption, is more adept at handling China’s low-grade phosphate rock despite resulting in bulk and complex product impurities.
Among various purification technologies, such as chemical precipitation, crystallization, electrodialysis, and ion exchange resin, the
extraction method stands out. It offers environmental benefits, simple operation, and the capacity for large-scale production, marking it
as a promising technique for phosphoric acid purification. This article summarizes in detail the research status of various extraction
methods in recent years. It focuses on solvent extraction, aqueous two-phase extraction, reverse micelle extraction, ultrasonic-assisted
extraction, and supercritical fluid extraction. It sorts out the solvent extraction method along with various extractants. The research on

single extractants such as tri-n-butyl phosphate (TBP), methyl isobutyl ketone (MIBK), and n-octanol (NOA) has been primarily focused
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on identifying the optimal extraction conditions, including the O/A phase ratio, temperature, and air pressure. However, these single
extractants typically target a single impurity, which limits their effectiveness in purifying phosphoric acid when multiple impurities are
present. This limitation underscores the significant advantages of composite extractants in the purification process. Current research on
composite extractants emphasizes determining the ideal proportion of extractants, often based on volume ratio, and establishing the
optimal conditions for effective extraction. In addition to composite extractants, the development of new extractants offers promising
solutions to the challenges posed by the low extraction efficiency of single extractants. Looking forward, the future of phosphoric acid
extraction technology is poised for exciting developments: (1) The development of green composite extractants, alongside new
extractants and materials combined with extractants, aims to achieve more efficient separation of impurities from phosphoric acid;
(2) There is a growing interest in expanding research into the application of aqueous two-phase extraction and reverse micelle extraction
for ion extraction, including the exploration of new aqueous phase systems; (3) The use of ultrasonic technology to accelerate the
extraction process, coupled with studies on how supercritical fluids can improve the solubility and extraction efficiency of ions,
represents another avenue for innovation. These advancements seek to reduce costs and explore specific application areas.

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

ultrasonic-assisted extraction; supercritical fluid extraction
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Table 1 Mass fraction of major elements in the phosphate rocks from various origins'™
Mass fraction of major elements/%
PR P,05 CaO AlLO; F Fe,03 MgO Na,O SO, SiO,
PR1 29.0 53.2 0.51 3.12 0.64 1.31 1.54 3.36 2.93
PR2 28.7 53.4 0.33 3.53 0.21 0.341 0.61 1.46 8.67
PR3 30.4 57.1 0.13 3.32 0.27 0.348 0.52 2.68 1.67
PR4 29.4 48.4 0.44 3.47 0.55 1.01 1.09 2.71 2.66
PR5 31.2 55.8 0.51 4.07 2.31 0.413 0.6 2.36 5.71
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Table 2 Main impurities in wet-process phosphoric acid!”

Main dissolved impurities in wet
phosphoric acid

Main insoluble impurities in wet phosphoric acid

Cationic type Anionic type Crystalline

Ca™, Mg™, Pb*, Fe™', AI™, (T, S0Z, F,, Undecomposed phosphate and gangue ores,
sulfates, fluorides, fluorosilicates, etc.

3+ + + 2+
As™, K', Na’, Fe™', etc. etc.

Colloidal type

Si0,-nH,0, acidic phosphate of iron, aluminum and
potassium, acidic phosphate of iron and sodium, etc.

Immiscible
solvent

Addition

Organic solvant
phase

& Heavy metals © Aqueous phase

B 1 R s

Fig.1 Solvent extraction principle!'”)
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Table 3 Advantages and disadvantages of various extractants

Extractant Advantage Disadvantage Reference
TBP Insoluble in ‘Zs;ig’nltltﬂe impurity High price, high density viscosity and difficult to layer [26]
Efficient, cheap, easy to use, Poor purification effect of anions, large solubility, high recovery costs, and the
NOA - . . . ; e [12]
separate quickly purification of high-concentration phosphoric acid is not thorough enough
P204, P507 Low price, high extraction rate Poor selectivity, difficult to reflux, easy to emulsify [27-28]
MIBK Good selectivity, stable operation Water-soluble, volatile and costly [29]
N235 High extraction rate, mature
(trioctyl tertiary & i Volatile, flammable and explosive, susceptible to impurity ions [30-31]

amine) technology, good selectivity
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Table 4 Comparison of solvent extraction methods for removing impurity ions from phosphoric acid

Extracted elements Extractant(volume fraction) O/A ratio Extraction efficiency/% Reference
12.5%TBP + 87.5%Kerosene 1:1 100 [39]
50%P204 + 50%Monoalkyl phosphate 2:1 91 [40]
Fe 15%TBP + 5%D2EHPA + 80%Kerosene 1:1 99 [41]
10%P507 + 20%N235 + 70%Sulfonated kerosene 1:1 89.4 [42]
70%TBP + 30%Isopropyl ether 4:1 76.9 [43]
H,PO, 80%TBP + 20%XKerosene 2:1 83 [44]
80%TBP + 20%Sulfonated kerosene 6:1 70 [45]
Kerosene 1:2 99.25 [46]
: Simethicone 3:1 99 [47]
N-propylpropan-1-amine + Kerosene L1 95.3 [48]
u 30%TBP + 70%Kerosene 1.5:1 96.67 [49]
30%TOA + 20%Iso-octanol + 50%Sulfonated kerosene 2:1 83.75 [50]
Zn 15%TBP + 5%D2EHPA + 80%Kerosene 1:1 80 [41]
33.33%]onic liquids + 16.67%P204 + 50%TBP 1:3 98.11 [51]
In 30%D2EHPA + 70%Kerosene 1:5 98.5 [52]
P204 1:3 95 [53]
Se 10%P204 + 5%TBP + 85%Sulfonated kerosene 1:10 99 [54]
F 70%TBP + 30%Silicon oil 1:5 98.4 [55]
Cl 309%N235 + 20%]Isooctanol + 50%Sulfonated kerosene 2:1 78.9 [56]
P,0s 90% N-butanol + 10%Isopropyl ether 5:1 90 [57]
Li 40%TBP + 20%Ethyl butyrate + 40%Kerosene 2:1 87.12 [58]
Co 309%N235 + 70%Kerosene 2:1 99.997 [59]
Mg 20%TBP + 80%NOA 1:1 72.11 [60]
Cu 30%MIBK + 70%TBP 1:1 99 [61]
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Fig.3  Schematic of the reverse micelle formed by [Pg¢ ¢ 14][EHEHP]
and [P g,6,14][BTMPP]™
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Fig.4 Schematic diagram of the ultrasonic cavitation process'™*!

FEIX =P 7 b 68 P 5 % Bl OB TR R U
RARAR T R R AL HL 46, Zhang 58U 78 A€ HUR
0 1 T A BRI, A L Bl P R 5 A A R
Fe*', KR4 T AbHIst [|]. Xia 207 A B T B R AL
IR PN-1 A B 325 B 1R v 1 Mg, 57 1 B8 75 il
Bl B ARG, KB YR N 74 W, O/A L
g 4. JKAH P B 0.2 mL-min' B, Mg? 4 $2 B %
n] ik 89.09%.
25 RBlFFRREZER

WF5T &30, 246 A ) 8 A I B A i, 9
ASFEEAT B WA B, AL T —Fh A F
W A Z T ) I AR T I A AR #E
(SFE) 1E &R T 9 T A 88 I 5 4% 14 B Rk 1k
JoT B — ol 43 5 R B HRUAK G 4 1 8 T AR UR R A
DA AR R R A AR AR R I B AR S
P HL A 2. G S AR 2 BUm AR I an 1 5 B .

N4>, SFE B8 08 Pk iz FH T 1 I w1 v
AR, FHom B L SRR SRR 2L
RSB T 126 . R& A TBP, D2EHPA
KA Y A Ak sk 5 HNO; $E 47 8 I 243 44



- 1954 -

TRERHEZR, 5 46 8, 5 11

B a Back pressure
regulator

CO-solvent
Bs fimA A R

Fig.5 Flow diagram of the supercritical fluid extraction™

A, MR ARG FIBEA P 2O R |
FIHl, SFE J7 i Al i 35§ v A B 380, 3 g AR
Wy 0 oy 5 B UL S SFE RO B S B I R 2
B A5 TR SO 4 T B 5 TR B 0 ), Ding 45 33
Aok TR S i T S e T Y 5 ) A 2R HOHL
HE, VRANS A T AL B A AL PR B
25 J5 Wk RS SFE AR O — T A B0 £ 40 A8 UL
A, BB Z N T 2 B0 Jm A HL {5 SFE Ffik
F14 i R 28 117 SR R BAR L AR SR R L BRI
SR R At B, X R A S AT iR
TR S (] R 2 — B,

5 X LI L TR BRIR B FE BT 1L 24T TR LE.

3 ERSMEAER

T 7 O T 4 A 2 AR A A LA SR 2 Wl 1R i 25 T
2 — KEBARKME A, EANRAE 1914 E 5 R IR R
WAL LB IR, IF7E 20 a0 £\ AR R
B G IR v AR B R, FEAR AT DL A A 2
W 15 4 T 000, (H X se 4 R — B X AME % . H
LT = 70 5 /AN B | & 2 e el s DR 2 8 7 U RE X R i
FEA WBAE . WA EUR R (A&W) | L
£ 51 57l 28 7] 3 (IMI) . Rhone-Poulenc £ F1 LE F)

i Prayon 32 55 ™ H Ao US| 7= i i e R
BA . BBk . A&W I 1 Rhone-Poulenc 72 .
] P S 91 A IO 125 8 1R B R i 9 kS A0 B e, H 22
o D AR Y TR, TR R A R 1 T 0 B PR B
NIRRT B A A ES D 5 N Y T o S
Bk 0y = N A LS O an % 6 s . H R E A
22 A N AN HLAG 7E T 8 0 0 o 12 4l AL F 5%, 7 5
B Az 7 v O R H ) 3 B R A A AR L 1|
KEFHARFNAEIIE R 2= HR . Hovpr, £ A 4 M
2006 4F- 5| 3 DL 51 IMI £ A, 76 i3k 1 2k 47
FHF A, 2010 4R FF R IR VA B IR AL ) Tk A, IF 5
2 FAL T AN B A AE. U K225 R Fi e i
TR 2R N F PR, T2 AR 5%E4%, A
FSEE AT A 2018 4, E N TR s B R
AEE LT 10°ta !

4 BRRBEFEZEDUEHNEIRRE

W R — AT 2 R I B 2 A Ak TSR AR 7
PR 1 J7 V5 KRB R A, (B8 T AL B IR
Jirts REFE R, X RREE {5 Gk, H IR E B0 2 Ik
ity LW, T8 3% WA TOH B A 2B 7 IR 1) RS 3
32 W IR 7 i 24 B K, BT AT A i IR 4l A £
ARIEAEERE. 75 AR 2 2 AL HOAR o 2R B0 DU A
A7 AL L SR PR AR | ARG JRE S5 D0 B0 85T 1 #14 . {HL 3
I 008 32 e TR 4 A T A BIF 5 H B T [ A kS 2 B e
AT Y AF R, 3 — B R R A B R 1 T
2, EN A IR T Rl 20 ZAR M ST, 2
AL FER T WA (AL Tk

RIS T ML TR A AL R, 2Rk T
VAR OE  BUKFHARIOE | S B ATAS i |
AR | I 52 10 A DG T B R, I %

RS BIFREEFPOITEX L

Table 5 Comparison of the main extraction methods of phosphoric acid

Method Advantage Disadvantage Reference
Solvent extraction Simple p rocess flow, g.OOd selec‘tlv1ty, cont_lnuous op cration, Large amounts of organic solvents [82]
large production capacity, and high separation efficiency
Environmentally friendly, excellent separation efficiency. The reverse extractlon. s @fﬁcult, the sep aratlon.of
ATPE . . ’ RS ’ the target compounds is difficult, and the extraction [62—63, 83]
high product yield, short phase splitting time .
process is unstable
Selective separation and extraction, stable extraction system,
Reverse micelle  mild conditions, flexibility and controllability, energy saving, .
extraction efficient extraction, and t}?e molecular structzllre of t%lz y Poor phase separation (71, 84-85]
compound can be retained during the extraction process
UAE High efficiency, fast speed, stable extraction of chemical High energy consumption, large-scale equipment, (80, 86]
structure high cost, and the thermal effect is relatively weak ’
Can replace organic solvents and reduce the risk of reaction,
moderate critical point, inert, non-toxic, non-flammable, low High equipment cost, complex operation, and poor
SFE price, easy to recycle, combined with the high diffusion of ’ ’ [73-74, 87]

gas and good solubility of liquid, almost no secondary waste,

and the product is easy to recover

sample versatility
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Table 6 Application of solvent extraction methods at home and abroad™®*' %
Final product
Technology Extractant (mass fraction of Grade Remark
phosphoric acid)
. . The domestic scale is about
Weng fu MIBK 85% Industrial phosphoric acid Food grade 2
450000 t-a
. . Mixed solvents (TBP, N- I . The domestic scale is about
i 75% Phosphoric acid
Sichuan University butanol, Isoamyl alcohol, etc.) v P Industrial grade 210000 t-a™

Central China Normal

Central China Normal University’s patented

85% Industrial phosphoric acid

Industrial grade The domestic scale is about

L -
University synergistic extractant 60000 t-
. The sulfate content of the
A&W MIBK 75%—85% Phosphoric acid Food grade product is high
Rhone-Poulenc TBP 60% Food grade phosphoric acid Food grade _
85%(volume fraction)
IMI Isopropyl ether + 15% N- o Feed grade The sulfate content of the

butanol (or Isopropyl ether)

Prayon Isopropyl ether + TBP
Iprochim/Icechim N-butanol
Budenheim Isopropyl ether

75% Industrial phosphoric acid

product is high

Industrial grade The fluorine content of the

or Food grade product is high
. The sulfate content of the
— Industrial grade product is high

Followed by H-type cation

Industrial grade exchange resin after extraction
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