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Abstract: The distribution characteristics and main deposit types of medium and low-grade phosphate rocks
resources are discussed, the beneficiation and enrichment processing technology of medium and low-grade
phosphate rock suitable for China’s national conditions is introduced, and the resource utilization in phosphoric acid
production, metallurgical processing and fertilizer conversion is elaborated. In the field of phosphoric acid
preparation, it focuses on the advantages and disadvantages of traditional wet-process, thermal-process, and
kiln-processed phosphoric acid technologies, as well as the challenges encountered when utilizing medium and low-
grade phosphate rock. In the field of metallurgical processing, the feasibility and application trend of preparing
high-value metallurgical by-products from medium and low-grade phosphate rock are deeply analyzed. In the field
of fertilizer conversion, the bottlenecks, optimization directions and development trends of thermal activation,
biological activation and mechanical activation processes are discussed in detail.
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Fig. 1 Overview of low and medium-grade phosphate rock

processing technology

21 #®AFRIR

WAL A, B A A e L Bk RS
HELR, WEE S T, [k, b
& AT R R b Or R B H ks,
80% LA b By IR s A el 5 48 | AR IR T A BRI R T
Ui e o BB A A R E SR L B X AS ] 4%
FRARRERT, Tolk bl R EE . Bk sk
FE LN BT RS T S Ed, REE
e WEVE TR TR E e i ok, (R AR S AT A
YRk AT AN A e A S5 BRI o TRk
T AR AR BRI o B L, BB &
ERRZO TS

WA PEE T2 F B4 MIEIFE . SR A S
IR T8 IEVREE T2 IS kB . witE e
3l L2-Z 035 50 e Bt 0 il ek iR &k . A iR R 55 Ik
AT, FESRFIRDIZE . otk a2 Beibon & 4
WA, LIRS AR . HAUHATE T i AR B
B,OXPER . BRASESTBER A, Gl TR A
Ao ABIRE R IR ER T A, R A
PERTSBE A HER, FEOEIFEME LU 305y B R
R SRR ER A A, KGR S e, Rt
BRI T L A

FROVEE T gl PR 2 I Ve, (ke
WY AR, HAREE W9t Ok B 7
TERERE N, TR 2] B AR -5 Moa o P 0 3800



20254
%4055 104

FAYF  PIRE IR SRS T AR T £95-

Bo X L AR TCRRELR , Wi HfE, 52
PRAEXT T R HRBFERCAR . 3l DU OR A i
YR, (05 SEQEREET . I IFNE, HAGEH
FEamtEe 5, R T T AE

e MR — VR R RIRR BT A % A R
(INREAS W), W RBRGFRIE T2, Hrp,
TE- R P s S - IE PRk T 2 e i IE PR e i ik, 7
SR (B2 22), % L A@Enkss, NHE
AR B . USRI T AR B Bk R 5
FRERRER, SRR, AL, EHTEN
AP R A

ST b E R T, RORERAR &
W E AL, JUHSE R T Rk ER T A ek A
B, BFRSE (EA T, ShhikE) g
EREIF AN R 2GR A, W3k S RF TR
SiGERE T ZIEBHE . ARk 1232
FRF bz [DSORET, St R e X &2 2 A i 1R
RN, S F VRN RO R T SR ER T,
TCA T 58 R BE i 2%

22 BRI &

AR T OB R IA R . PRI K 2
RBERIFAF I Z o0 T 2R R . 183k T2l i R
SETCHLIR 53 e Wiy il BBORAE IR 5 R 25T
PR JERE A A OT R BE, PR ALK A S
ARG BERR 7 VAR S L R I 5 —
5, LRREEE .

2.2.1 TRk

MRVL IR T 258 Tomma il 59 e IR 3, A A a5
MR EPREERPR TR A1, ZESN . 1k uEor B
A8 FAES . MRS ER Y SRR,
2L AL Al OB S R 1 He I R A
BRIRYE . FhERTA AR . SiBRIEN R, H™
ARG BEA S, R TIR $hieiisje
FERFR AR, AELRI ™ A o 4 2 R FH 1) S A5 1 VA
TSRRIEAS e B A, BRI R, FEAT™ &
BEHIERS R AR, (BT 2 B A A > 2
T BRI, IR B TR B R 4 T TR
P, MELLTH A i AT X SR A B R Bk, PRI
Kl TN R 230260, BB~ e
AR E T AN S bt 2

TRILBEIR T 28 RBEFE/ N . AR, (B E—
Hela . — i, % L AAGE AT RSy, H
Al B R T HFE R R IR 0 A, RIS
SRICHLER A A AT 2R A ik AR, S 3R

WRERRAR . Ze i s i —Jr i, Wik
R E i Tk A K Ewa B =, GA%
SAHL, S5k E AT Y, RAERZ ke
AR IE T A A WA R T R IR A AL SR A
(A4S B B A 40 . BUBLAL Ab HLF)
M, BRI R4 5.
2.2.2 Pk

PIEBERR T 20 0 Wi 55— R RN g
W AR BGAR L RE f, TIAS R S D R
BREEAL, H175 P05, FRZ KA BRI .
H I Bl i A B L R A
B, HEET A . B S ERIIRSOERE AR,
WL RE R L PR R L R, (R R A S AR
RAAMRIRI N, LB S5THE; SR
SR R EIG, RIS RAhEERE. XRP T
R BT T Tl P XS A 7 R SR A X A g
P BERRai i &, Z4b, AT AT TR ATl
B SR, EA P U BETHARER, AR s

PR T 2N A O ZoR A, BUTAE
Aofe—BeitiE Ny, SAREEIR A P AT HA —E i ME
MR, Bk, POEBERR A% 1T6E
oI e B ) T R
223 ALEER

BRI AR W SRS T s SRS LA
BRI, SRR S AL P05, P.Os
PR A LR >, 2R 12 SRk
e T2 3R], RO kB iR T2 i A h
B 1038 JEL RN A ST 1 SR Ak A A AR A T, T T
R T 20 X A S 2 A 31— B R e e il >

SIRBERAR L, VAR T RN T A
FERERE, HHHEL>, HOATDAEE AR . S Ah
EEBEIRHE Y 0 R S i TR A I BRRL, Bk
A T30 TR SE 1 slR S P RS i A= 75 BR
BP AR . R SPIIKE L, A ST
JEIEE, BMA R, X — TR A SR
BE TR IR R e, R R KRR S . SR,
FVEEIR T A — SR AR, WA SR X 5 4
X BRE AR . W AT A N
MELURE B P i 55, PR T IRRIE Tl Ak i A . A
I, AL SN A OB e T
R, DESIZ T AR T bR R P
23 AhmI

RN T VR0 [ N )5 = S
ANEEEBN TR TR, HEstmEnTE

=
=)



2025 4

c 06 - g A7 2#E 5B AL %4055 10
JrREA R . BRI TR AN T M L T2 RO I A R, L L2

Gb, RSSO LA P IR 1 e R Ak i R AR
FEREIR AR S T IR A BT A i
SRR, MR AR T AR PR TR B [l
FoTE A 0 kR A R A Y (R
PR A A, PRI T LA R RMME P
{EARL T A R RERE A, Rk, ZE4R T At
TIEL A ] Bt ARG PP ARG S 2 B Ak T 2 e RE S
MRS AT REL AR P S E R SRR A A 1

H IR D 5 LA ) DR R A R 4 mT
DAREARAE P2 RERE . 32 & T IR sh N2 B R R 22
wn, AR A AR S ALBET ) CaO fEAL R i k1Y
W, I BRI AR 5T B A RE
PR A, AT 25 e i S 4 . It
Gh, RAPARS LB 5 R IR i P ] ie
JE T2 2, ANAAT LA e v ol i DR IR Bk A 7
BRA U RN, RREE— R FREKLL
HR A B S U PRk Bl A e R TP R B
FE, SEBRTTUR = ASOR FH A TR R
2.4 Jedtdsi

TEARN T TH, BEAEAE A = K ILAEALIEAS AT Bl
M—5, XA - 2 CEE ., BT,
SERBE 2 80% H T il i ML VL B A IERHE
I 42 BE TS Ak 7 vk T R 80U M GkiEdb . A YiE
1k, ML 1L
241 PG

PTEALTLA P AL, TR T R NS R B
I, I A PR R IR ES (CasF (PO.)s) #if
M S T MR, KEMER T CasF (PO FE LAY
AR IR ERIE 20, b T2 H A = 0 T
FEEEBEAL AN 5 . DLBERT 5 A BE R IR R 75 M
R, ERT 1400 CHEIERS, LK EZRH
PO, [ 78 76k FR ER B B A% b, I PO L
A AEP Re ORI FH A A B S EEEAE 32 AR
730 Cas(PO,)» . CaSiOs Sz MgSiO,, HAE N ZIC R
PEREAL, wr i E R R A ik
pH, JEsREYIOR . PrEREE ), JLHERD
B PR el 3

P T AR A m Ui, (HREFERE
R, L FEFEEAE TR Cask (PO 14 St
o MEEARRRFE, 7RSI A BERE R ER 2R Bl
WA (Aniesct . Fafr), BIEmEE R 224
1300 C 77 HAHEEWNE, BaRRE T2
PR 2% S5 ) FR AR S LB 1A S BE R RRER AL OY, 7E

WA S AL E B PE SR (0 (P0s) AIRZE 209%) ™,
BCA R R S A R B IR AR s AR . SR, A
FA RS EEBE AL A S 1 B AN A P B
HAEE N S A4 TR, AR R A T
R, D BRI R B T R R
A, DAGSHE = REAE 5 it AN BRI A AL ] 2 =
242 EWEL

MG NE A 7 1 M4 1 s S Tl R PR
RIGRE, AAEIREETG YRR 5 1 B H R IR KSR
A BB Ry N TR, IR B AR
DLW GER  IE TR PR T DL
AR LT FUK B EBEIEAR S, JE 2200 T 5 —
A IR S R B IEIR AR . AN, g
PEAR ARyt il 2 A W6 AL JE B A B R it o

W R, BB YT Sl i - 3 e
YRR A RO R YDA (L RE 2 ff X 175
W, EREWAERITYIT, fESE AR R A KR
HESRAMPURRE S . FRBERUE YR R
SR, LA FIRL] R R R S R 25 A A [RT T A BT
25t FELELM ARV . TCHLRR AR e R
PTG AL R RAR 2 2 W il s HET, AHG
W 28 b TR LRI & AR T A L E S R TS
P LIERER S REEANTE (A0 S RRES AN ST RN
FEREASIFF ) S8 R A e it TR e gk
T, WS T R o e, R
FHM R | RIS . 7T R RO B
MR YEg , SBE RS ST A
BUREAR 358 pH , M TR LR AL 7 BeA,
HOIRZEAOAT IR S R R TR it AN RB A SRR A6
K, m AR RS E N, JUHEE TR
Yufp) 4 3ge

BRI, MBI RENS A AR M B b X
KA AR AZ M, SEmRlEY- i, FHa 8
TWE A 0T 5 A0 = 5OR R L SRR T R 2 SR
M, Wk TS AR AT R 78 Z PR, il an
FEE FCPE R AR L AR TR AN [R5 B 1 e
PEFFAEZE S | BRARIA e A DIk A B s K LA T AR 32
FAE . ARSI SR AR T IS AN R0k 1)
AR R, ESIIED R A YIS A EOR N SE TR =
B RS ERIN H, Feor R HAER IR A, -
S R AT B 5 5 )y T ER 5 80
243 MG TL

UG AL B S | by . BRI B VIS5 R R



20254
%4055 104

FAYF  PIRE IR SRS T AR T £97-

HUBS VR, 51 AW Ay B e o S 0L 4
LAlORTE 5 G N /S D F VRGN d S SR IA L S ]
AR R 53 S BLBRAN S A B AU SR IR, R
e EAMACEBORGL, AT LUk v P w5
TR AR >, JUHAE S IR IR S KRR A
BLPIA AR S, BEZE— 20 s s i PR RE
[y, SRR A Re e, RO E T %
Bt 3 % B AU 3 iy PRAS SR B D 1

UTAEAR,  THDN FP AR LA™ 5% 5 v ORI T 38
DIFR, UL TS AL BOR PR A I 3z 21
TR METEGREVRIE I T Z, 2R
o BUCTR e s 4, B T IRARIMFE S PR AE R =
JE” {s e, R T AR . AR, ST
W28 P AL TSR0 00k b, i
B R R R AL . ARKABIFNIRE T IRAMR
BB AL i R Fp s A PAL PR T A LA, Pt
HSWEE R Z AN FEBCR , DS PR AL AL
W G DR R ORI
3 HitE5RE

EBERALT T AR AL LR B BT R
THORBUR . BF5ERW, RS PR AL 5T I8 F
., H70%00E SR UREICA L, B &
fEREE . AR A FHIE, SRR 2R
FSAE S o FERERR 07 1T, Mk T2 A
REFERLAG, (EURRIR I I 7™ Wl 1 5 A B 1) AL 155 i
Pe, ThMRIETS G E, HIRIE BTG B MEEOR
BIEARE o FRILBERRAS BT 41 SO ZR AR
HAEFER . BEBHR T X RAER AR, B4
Rt wal T, Brtrgd, F%
AP 4 BRI PR R P [ LAy
AR Ao ERLRHEAE T, AT 1
PERERRALI 52 BR, AEWiE AL SRR AR BB I
WA TR R AR Y, HEPRK . A,
HUBE RCR B, (LRSS A 5850

FETF X FP R AR AL DR BN T B AR BUAR
1O VTN 7 8 N DI Wy TR B Y D R3S B
FRL. FMAFIHT

(1) FFXF A A BEm [RDICRAR A R, Tk
BRG] AR T 20, DIRRRIE 12y
R R o ISR 5

(2) FHREBIEABEA T AL R IR TS, T
SRAEMRIL DRRR BB ST, FHHE) HRIL B AR A
S A1 ISk DBl 5

(3) FFAHRAOIRES AT T2, Hedhifan

TR RIS HOR, Sm AR LR (1 e
(4) s ALk AL SUS IS LIRS SEBR
BLFABESE, 32 e e By CE R IE P ) LR

(5% 30K ]

(1] BEZAG. AR LB AR S5 T2 AAR I E [ D ] 3R« iR
TR, 2020.

LUO B W. Study on optimization of carbothermal reduction
process for medium-low grade phosphate rock [ D ]. Wuhan: Wuhan
Institute of Technology, 2020.

(2] BaAR, MR SC ALK, 3. ol E AR I 7 BT 4 A DR IR i
MEAIFSE 7] Bk, 2021, 42(2) :279-285.

JIAO S, ZHENG H Y, REN Y J, et al. A study of the security
strategy of main agricultural mineral resources in China[J]. Acta
Geoscientica Sinica, 2021,42(2):279-285.

(3] A&, &S, R TR EE PO R PR ZER 1]
I [ - Bl 2, 2019, 32(4) :32-38.

DU C L, HUANG M, HONG S J. Research review on
development and utilization of phosphate resources in China [J].
Natural Resource Economics of China, 2019,32(4):32-38.

(4] XSO, 830, B fii, 5. FREIBED BI85 A1 e BRI

LI AL TP 5T, 2020,49(12): 19-25.
LIU W B, HUANG W X, MA H, et al. China’s phosphate ore
resources distribution and the progress of phosphate ore dressing
technology [J]. Industrial Minerals & Processing, 2020,49(12) :
19-25.

(5] BN, di B, FREBEO SRR R A IR ) ] BEIE S e,
2024,39(5):29-31,34.

HOU J, LEI Q. Analysis on present situation of development and
utilization of phosphate rock resources in China[J]. Phosphate &
Compound Fertilizer, 2024,39(5): 29-31,34.

(6] REAe e, RIER, % BERRA B i A2 X 2 R il 6

LT AEZS R 5 R TR, 2024, 39(10) : 55-60.
WU JH, YANGY, YUZ H, et al.Influencing factors and control
measures of phosphorus content in phosphorus tailings [J].
Eco-industry Science & Phosphorus Fluorine Engineering, 2024,
39(10) : 55-60.

(7] F30, £EE, EEU 5. EBE R ZEED o #L K
A ARH [ 1] P E H L 2025, 52(1) :43-60.

WANG W H, WANG C L, WANG L X, et al. Origin types,
metallogenic regularity and prospecting direction of phosphate
deposits in Chinal J ]. Geology in China, 2025,52(1) :43-60.

(8] kIR, Zy iR, fLA W), 45, v E s B IR AR S iy [ 52 2
S BERL L () ] JEHLER Tk, 2016,48(2) 1 1-5,17.
ZHANG S J, YI J J, KONG L H, et al. Current status of
phosphorite-ore resources in China and screening for national-
class physical geological data of phopshorite [J]. Inorganic
Chemicals Industry, 2016,48(2): 1-5,17.

(9] fRRE, 75 11 ARIE AR, 3. PR LB B AR A 1 o
BARBFFEL) ] TEHLEE Tk, 2024,56(10) : 76-85.

XIE M, YANG X S, HOU Y D, et al.Study on mineralization
enrichment technology of medium and low grade collophanite

acid solution[J]. Inorganic Chemicals Industry, 2024, 56 (10) :



2025 4

© 08« AF 2# g b hx# %40 5.5 1044
76-85. acid purification process [D]. Guiyang: Guizhou University,
(107 XVENE, BRIE DS, XU, 4. B 25w bel 1L TRV B ERR 2019.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

AT IR 2SRRI A [T ] Ak, 2018, 34(10) :
38-42.
LIU X W, XI G Q, LIU C,

characteristics and its protolith reconstruction of huayuanshanse

et al. Lithogeochemical
dimentary metamorphic ironand phosphate mine in Hami City,
Xinjiang[ﬂ. Modern Mining, 2018,34(10): 38-42.

RRBL b LD B A 2 BRI ) 1wl [J]. o e 5
2007(2):315-323.

SONG T R. Phosphate ore metallogenic types and prospecting
directions in northern Chinal]]. Geology in China, 2007(2) :
315-323.

PP S TE A Yy N A N VA 7 E S Bl | TR IN
SR LA, 2021(6) :91-100.

LIU S Y, HAN B S, ZHAO T L, et al. Current Status and
Prospects of the Research on Flotation Reagent for Medium and
Low Grade Phosphorite Ore [Jl.
Mineral Resources, 2021(6): 91-100.

T e e, W1 7, E 1. P BL BT I BE B AR B T i
(I 74P S A, 2022,42(2) :67-73.

YANG X J, HU G T, WANG S H. Research progress of

magnesium removal technology from medium and low grade

Multipurpose Utilization of

phosphate rocks [J]. Conservation and Utilization of Mineral

Resources, 2022,42(2):67-73.

ALEKSANDROVA T, ELBENDARI A, NIKOLAEVA N.

Beneficiation of a low-grade phosphate ore using a reverse

flotation  technique [J]. Mineral Processing and Extractive

Metallurgy Review, 2022,43(1):22-27.

VTR, B A R A P R BB O UK S )],

AR R Tk S 11,2023(5) : 1-5,35.

LIU Y T, LUO H H, ZHAO J, et al. Research Status and

Development of Phosphate Ore Dressing in China [J]. China

Non-metallic Minerals Industry, 2023(5):1-5,35.

FLIEWE. B0 e ik i S AFAE g Rl R [0 ] N S8l e 22 35%

2022(10):144—146.

KONG H X. Progress and existing problems of phosphate rock

beneficiation [J]. Inner Mongolia Coal Economy, 2022 (10) :

144-146.

5% BB, ROCIK, 55 T el Js b I b LR 1) T2 K 3
[T AR E TR, 2014,28(4) :905-910.

LI X, HU B, WU Y X, et al. Process Parameters and Kinetics

of Smelting Reduction Technology for Low—Grade Phosphate

Ore Reduction[]J]. Journal of Chemical Engineering of Chinese

Universities, 2014, 28(4): 905-910.

VR AT, AR, S5, PR CZ B ) A S R M

HRBFFEIE R ] AL TR, 2025 ,44(4) :2274-2284,

DING W, BAO S X, XIN C F, et al. Research progress on

preparation and  purification  technology of  wet-process

phosphoric acid from middle-low-grade phosphorus ore [J].

Chemical Industry and Engineering Progress, 2025, 44 (4) :

2274-2284.

TRSCH. EhRR R B AL T e[ D

2019.

ZHANG W J. Research on hydrochloric acid wet phosphoric

LSEBA SR,

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

R, da T, A2, A BT ORI A B R H AR B
AR AR S TR, 2023,38(7) : 24-30, 35.
ZHU G Y, MENG Z H, LI H Q, et al. Current status of
phosphoric acid preparation technology for efficient utilization
of phosphorus resources [J]. Eco-industry Science &
Phosphorus Fluorine Engineering, 2023,38(7):24-30,35.
AR R AR S SR IR A T I PR S AR
B[] A DB S T AR, 2025,40(1) :31-37.
JING S H, LI J, LI C Y, et al. Research status and future
prospects of WPA purification process[J]. Eco-industry Science
& Phosphorus Fluorine Engineering, 2025,40(1):31-37.
TR AR 2RI MR S e ()RR S R,
2015,30(6):30-32,52.
WANG C B. Research status and prospect of kiln-process
phosphoric acid production [J]. Phosphate & Compound
Fertilizer, 2015,30(6):30-32,52.
HEAE, L, 1, 4. i sl B R 2 b sl a2y
Frl0 L B R4, 2022,22(7) :927-934.
ZHU Z W, TANG Y, LI Z L, et al. Thermodynamics and
kinetics analysis of phosphorus production by electric-furnace
method[J]. The Chinese Journal of Process Engineering, 2022,
22(7):927-934.
TR TR 2, 5 B A I O B R BLIR S5
L)AL T, 2024,43(7) :3578-3592.
LI M X, YE C, LI S, et al. Current status and research
progress of thermal reduction technology producing yellow
phosphorus from phosphate rock [J]. Chemical Industry and
Engineering Progress, 2024,43(7):3578-3592.
R BRRRLE 7 T 20T R R L 2 A A A AR T ).
AU, 2022(6): 1-5.
S, B, SR, SRS AL A R BEIR 1 AR MBI SY
[J]AL 74k T.,2017,46(12) : 1176-1178.
WU F, LV L, LI J F. Research on Production Process
Ore  With
Kiln-Phosphoric Acid Process[J]. Liaoning Chemical Industry,
2017,46(12):1176-1178.
FH 5% A, XUAR 28, 4. & [ BERRAE 7 1200 Hr 5 e 2
(JJAETH % 5nT.,2011,40(1): 1-5.
TIAN H Y, KANG M X, LIU G Y, et al. Analysis and
China [J].

Conditions  of  Mid-low-grade ~ Phosphate

prospects for phosphoric acid production in
Industrial Minerals & Processing, 2011,40(1):1-5.
SHANG D, GEISSLER B, MEW M, et al. Unconventional

uranium in China’s phosphate rock: review and outlook [Jl.

Renewable and Sustainable Energy Reviews, 2021, 140:
110740.

BORAE IR ER, BOCR AR, VU g X MR e s e R
HIRRAFRE () ] A 42, 2021,45(6) :695-701.

HUANG 7Z H, SU X Z, QIN W Q, et al. Occurrence

Characteristics of Rare Earth Elements in Typical Collophanite
in Southwest China[J]. Chinese Journal of Rare Metals, 2021,
45(6):695-701.

ROUT S, ABHILASH, MESHRAM P, et al. A comprehensive

review on occurrence and processing of phosphate rock based



2025 4
5405510 EARYF PR OLBE B AL BT

+ 00 »

[33]

[42]

resources-focus on REEs[]J]. Mineral Processing and Extractive
Metallurgy Review, 2024,45(4):368-388.

THENE, FIE, PR, 4F. A AR T BRAERRD B RS
AR T L7 ] 84542,2017,48(10) - 15-18.

DING D S, WANG Z, XIAO S J, et al. Recycling process of
ferrophosphorus under vacuum condition which is by-product of
yellow phosphorus production[J]. Ferro-Alloys, 2017,48(10) :
15-18.

LI B, HUANG R, XIE R, et al. A novel process for the direct
utilization of copper slag and phosphate rock by compound
coreduction [J]. Process Safety and
Environmental Protection, 2022,161:629-639.

JING HQ, SHI'Y F, YUAN Y Q, et al. Interface migration

and alloying mechanism of Fe and P for ferrophosphorus alloy

modification and

production during the carbothermic reduction of phosphorite
[J]. Journal of Solid State Chemistry, 2024,338:124907.

Pl BERRLL M, S5 TP RSN SZBE 1B AL R AR B
FELI AL T P15 T, 2018,47(4) :63-66,70.

JITT, HOU C H, DU R M, et al. Study on approach for heat
activation of mid and low grade phosphate ore [J]. Industrial
Minerals & Processing, 2018,47(4):63-66,70.

FAVARO D I T. Natural radioactivity in phosphate rock,
phosphogypsum and phosphate fertilizers in Brazil [J]. Journal
of Radioanalyfical and Nuclear Chemistry, 2005(2) :445-448.
AR, RIZAR, EHIE, 45, K-B-AVAZR B0 i1
yEasas g )] A6 T 254, 2025,76(3) : 1323-1333.
CHEN Z Q, LIU J X, WANG Y Y, et al. Effect of K-B-Al
ternary system on the melting characteristics and glass structure
of tailings[J]. CIESC Journal, 2025,76(3):1323-1333.
ZAFAR 1 Z. Optimization of thermal beneficiation of a low
grade dolomitic phosphate rock [J]. INFOR Journal, 1995, 33
(2):123.

LN 5Kk SRS AR £ R TR R () ] AR e T
Ak, 2016,43(6):9-11.

LI S G, ZHANG G Y. Research Progress of Comprehensive
Utilization of Middle-Low Grade Phosphate Rocks[J]. Chemical
Fertilizer Industry, 2016,43(6):9-11.

BAZHIROA K, ZHANTASOV K, BAZHIROV T,

Acid-free processing of phosphorite ore fines into composite

et al.

fertilizers using the mechanochemical activation method [Jl.
Journal of Composites Science, 2024,8(5):165.

MECHRI B, HAMADI N B, GUESMI A, et al. Rock phosphate
improves nutrient uptake and oil accumulation in olive fruit[J].
Rhizosphere, 2023,27:100727.

SRR, SO, RN, A SRR L RO RS
L] RLE,2011,31(2) :69-73.

GUO H C, WANG W B, WU X P, et al. Research Progress on
Ways for Improving the Agronomic Effectiveness of Phosphate
Rocks [J]. Chinese Journal of Tropical Agriculture, 2011, 31
(2): 69-73.

Tl LA, S, A 2SR R T O O L S I RIL [ ],
4244, 2014,51(2) : 373-380.

WANG T, KONG L Y, JIAO J G, et al. Screening of
phosphate-solubilizing bacteria in red soil and their acting

mechanisms[ ] ]. Acta PedologicaSinica, 2014,51(2):373-380.

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

RHESRE 5 PO, JR U], 5. it v 1 A /RS L P IR 0 Ll
83 B9 R S5 AL ()] o 1 ek B 24, 2024, 57 (6) -
1102-1116.

SONG Y R, CHANG D N, ZHOU G P, et al. Effect and
mechanism of phosphate-solubilizing bacterial on activating of
low-grade phosphate rock powder in red paddy soil[J]. Scientia
Agricultura Sinica, 2024,57(6): 1102-1116.

Mo, KRN, SRS, 45, ORI S AT AR bt LT3 7K
TEPERER SRR [T ] 140, 2024, 61(4) : 1088-1098.
YANG Q, ZHANG C Z, ZHANG ] B, et al. Promoting effect
of natural humic material on the release of water-soluble
phosphorus from low-grade phosphate rock powder [J]. Acta
Pedologica Sinica, 2024,61(4):1088-1098.

TRAE, BRET, 1, 4. b AR A IR TR
WL 1 AE s 22,2023 (14) : 139-145.

WEN J X, CHEN X L, XIAO Y, et al. Major phosphorus-
dissolving bacteria species in soils and mechanisms of action
[J].Northern Horticulture, 2023(14): 139-145.

RHESR . AN TR B 5 58 25 B [ 3% A e M e ) 0 S5 4L
D] 22 22 JHR %, 2023,

SONG Y R. Effect and mechanism of phosphate-solubilizing
bacteria and their co-activation with Chinese milk vetch on
insoluble phosphorus[D]. Lanzhou: Lanzhou University,2023.
ORISR LT A B 4 M T A MW S5 N [D . 5t
B DR, 2021,

JI L. Screening and identification of phosphate solubilizing
fungi and development and application of bacterial fertilizer
[D]. Guiyang: Guizhou University,2021.

SHAHZAD A, ASLAM U, FERDOUS S, et al. Combined
effect of endophytic Bacillus mycoides and rock phosphate on
the amelioration of heavy metal stress in wheat plants[J]. BMC
Plant Biology, 2024, 24(1): 048123.

By Stedr i, SRIRTR, BRI, 45 HUBR AL 270 AL XS DR R i b v
PR PR H R B0 [) ] 3005 TR 2441, 2020, 14 (11)
3136-3146.

ALAI L G, ZHANG C C,

mechanochemical

HE K, et al

activation on  the

Effect of
selective  leaching
characteristics of lithium in lithium iron phosphate batteries|J ].
Chinese Journal of Environmental Engineering, 2020, 14(11):
3136-3146.

TR AU 2 BT A T RS (D ]RGE K s8R
2#,2019.

WANG C. Study on phosphorite with mechanochemical activation
[D]. Dalian:Dalian Jiaotong University, 2019.

PRAL. O AL B B 7R [ 28 B0 11 o IEwse (D). 48
2R RE, 2016.

MU S H. Efficiency of ultra-fine phosphate rock powder with
different types of soil [D]. Taian: Shandong Agricultural
University, 2016.

172323 INERE v/ 77 e L AN NV VR 72 TR U IR R f e PR [ d
A LRI TR ] 234, 2021, 52(5) : 1236-1243.
FANG N N, LIU G D, YANG Z, et al. Research progress on
mechanochemical activation technology and its effectiveness for
medium and low-grade phosphate ores [J]. Chinese Journal of

Soil Science, 2021,52(5):1236-1243.



