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~ Table 1 List of main components of raw materials
P20s CaO MgO §i02  ALOs B0 K20 Fe0s MIpkE  Hit
Wi By 32.74 425 1.53 12.00 2.02 - - 1.57 4.84 97.2
XB HE=HA - 29.01 17.7 1.16 - - - 46.59 94.46
BHEKE 0.74 0.204 0.076 76.82 4.57 - 9.34 - 6.17 97.92
Ty - 443 59.69 - 15.96 - 12.44 92.52
R (4 HTaE) - BHER. S4be. U PL CaO/P20s(mol)=4.5 AFEA LM, B BEHL

W=k, —SULE. TARRERT.

EENE: HR-8 BUMALIAE SR (B
TR UEERAT) , GWL-1600°C I &iE
T e (WEPATTEESLIS B AP HiE) , STA 449
F3 Jupiter U F BT (FEETHILAT) -
1.2 JEBhKIRSTI Ak

% T2 2 R R 4 0 BB 4 M R 9 1
ERBE TG, DURALSE R FAR 4G T
FIRE, FERARTRNRS GRS S A B
o, F R Tl B b BT B . FE R
B TR 30 min B HHEEE , B ERRA 10
BUREE KRR E S, AHERH, BTEE
BB R R TR TS 8 B B
BB TR, X E TN R

TZHRELAE 1.
LAl

w5 | 5| | me || maTwerER] S A |

I <— P2 <—| 7
1 lERokETZRE
Fig. 1 Flow Chart of Melt-water Quenching Process

2 ERLEREIH
2.1 CaO/P20s(mol)=4.5 & T P205-Ca0-MgO-SiO2
MTERE RS

0 977 UF Bl HR-8 BRI s A A5 Bl
K759 (B35 GB/T 219-2008 KA Bl B9 2 J7
%) HEEERER Si02/P20s. MgO/P0s Bt b T £
RIBA (BIRBNEE FT) I8, NAERSR, ¥
CaO+P:0s fE i — N4 41, 1F H CaO+P20s-MgO-
SiO: ZniE M. B E=ANTH A S HIARRE T H
FAXTE S IR B4 3

0.00, 1,00

CaO+py0s5

E 2 CaO+P205-MgO-SiO: ZTT RS =
Fig.2 Triple melting point of CaO+P205-MgO-SiO,

B 2 T4, #£ CaO/P20s(mol)=4.5 I, 715
B—NAN 1280 CEAFIRIE RX, HEEREHE
A Si02/P205=1.62 ~3.75, MgO/P205=0.6 ~ 1.75.
2.2 P205-Ca0-MgO-SiO: PO T ik BREL /5 & 4RI %

P20s FESEBRAE =i LB BRI AL, 5Bk
CaO/P20s(mol) HIHE N EE, SKERBET 59t
WK 2.

R 2 SCEREAN A R EATHELL

Table 2 Actual phosphorus composition and its calcium-phosphorus ratio

AR CaO/P20s/mol P20s/%  CaO/%  MgO/%  SiO2/%  Fex03/%  AlLO3/% HEKRE /%
AR 11.33 3.44 15.40 14.57 39.50 6.70
SN BT 10.52 8.52 35.41 15.10 3.37 0.41 3.05 32.52
V9 By 7.31 15.62 45.1 1.75 27.93 2.74 2.59
WAL KIE DB 434 16.70 28.62 225 33.40 2.36 1.62 8.72
Py 5.85 17.5 40.44 3.1 24.44 2.1 2.7 9.52
=Y 8.14 21.16 68.04 6.68 - 0.56 0.20 -
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Fig. 4 Effect of manganese addition on system characteristic
temperature
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WHNEE FT T &% ®mE. X DT. HT. FT
ZHRFAHETTURI: SR mESN, &R T
DT. HT WHFORA&SEFEARR, HT. FT ZEZE4
Mo HTFRABMEERRRYIFERLRE SR, Hit
A DL BRI L IR I B AR B 1E 2% ~ 5%
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Fig. 5 Effect of potassium addition on system characteristic
temperature

Mtk RSB ENEREHE, HmEN
F 6% I, EMESHEM 1% FRAINEE FT %
K4 10°C, R MNEN 6% B BRI B K 45 1E
BERKT 80C; MMEKRT 6% /5, HEARE
BEJLFAREAZ . Xtk REFERE DT HT-
FT ZHAARRAEET LRI FHRMERT 6% )5,
DT. HT BFCRAEEE K. FHik, #HamsE
B NRIFAE 6% £, BNTREE.
3.3.4 Pt ok REHERE R R

BAEAEM R E TR, NEgarEE
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Fig. 6 Effect of iron addition on system characteristic
temperature

BRAGAR AT T Ak RAFARIR B K PR R B A R Bt
A, ERREFARHE. Fe FMEKRT 2% I,
HT 5 FT [ERZ#H %6/, WHERRLEBESR
HEEMEERLK, FIWEFETR. Fik, &%
AR INE T DUE 438 5, BUETEEFE 2% ~ 5% &/ .
24 WALH

LEL S 3.2 CaO-P20s-MgO-SiO2 YU Tt 77 )
ik 55H 3.3 . 5. 8. ST EREFENEM,
FABY A A=A, 8KA. ST WM Y
R BRI R 2R /7 PF-2, FA MR 6.

6 FEC77 PF-2 4HAK /%
Table 6 Formulation PF-2 composition/%

P20s CaO MgO SiO2 B Mn KO Fe Zn
9.40 24.18 10.74 22.83 2.69 2.68 3.24 336 4.03

ZERE AR ERENZE S RN
DT=993C, HT=1020C, FT=1045C.,
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¥, fl&AEILBIFEITE SRR LR DT,
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®T TEHRER

DT, HrtiER R EERENERELRINEE
FT+150C U, BE4RAvEH & T 2448 KB ER
FEmAHESHENERIE 7.
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Table 7 Conversion rate of different samples after preparation by thermal method

MgO B20s MnO2 K20 Fe203 ZnO

e PIEH &% P20s SiO2 Ca0
HH-1 900 CHEHE 1h 14.25 37.84 37.51
HH-2 900CHKR2h 16.20 41.57 42.94
HH-3 930 CHERE 1h 16.16 33.77 40.35
HH-4 950 C#EH 1h 17.00 34.76 43.68
HH-5 1020CKEE 1h 17.48 39.04 46.28
HH-6 1200C 30 min 7K¥ 5440 46.63 57.93

29.32 31.97 54.31 58.30 63.06 35.61
48.44 49.90 56.44 87.58 88.52 49.33
35.70 37.52 58.65 74.24 63.29 35.33
34.77 39.96 61.18 78.21 73.02 33.33
36.99 46.23 61.63 85.67 85.75 60.50
58.28 49.90 60.29 95.24 84.26 64.50

Hep, PR E-TENENER M n=C/
Tx100%. CAFEMPETENERAEE, T HE
TE.

(1) Sttt HH-1 5 HH-2 748, f& 5 it ia] i
EKTFE LIRS ST R LR, e, ol 8.
BETERNMEFEANRE. BHEHMEHFT
R, FERFEREy 2 h B, ATIAE] 88% LA
A FEE, S HH-1L 3. 4 STETRI, B
T, BERNRSENFSEAENREBER
BB REEER, M. SRTEMBEIETE 1020C
B AIAH] 85% D ko Hik, HPETRERERE
HAREEBME. SoESERN, WLEERK
BAERERFERMEE DT £4, FELEKRE
FERFIA], AT T LA KR e TE 7 #4025 i AR P
FREFE, BRI RB YA

(2) Xtk HH-5. 6 /] &I, FERLEC 77 PF-2
G IEBKEE & TR BN RSB B RIEE R
BTt Hl& IR F LR BRAER R KRR &,
SR HEAEFHER . E2MT BRSFE
BHF, BAPRBEZT 1200 C AR 30 min, 7K
B RFALETTIX 54.40%

(3) BMEALERAERIIES HT KRR E
FT % F T b BB AT IL B 60% U b, FEBRIEE
DT 43 1h WA EART, H900C TR 20T
& 49%0 ME SONWITE RS & T 2R, T8
BB LRI R M4 TR, BT
KREReRT [a], IR AU i A 5 A o

2.6 FECF PF-2 BURESD
FL 7 PF-2 7ERIE 5 0.180 mm~ FHIEER N
20°C /min B dh 28 W 7.

100 - —TG Jo
600°C
95 -
e |
g 90 - *§
=S /
2
DSC 630re”
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T C
7 PF-2E75HY TG-DSC Hi%k
Fig. 7 TG-DSC curves of PF-2 formulation

ME 7 TGt 27 LLE H, B PF2 1
FERSBLIET 503 AN B I 51 E
FET70~200C, FiEM KL 274%; H2H BAE
600 ~900°C , REKEEFRENE, REHRELA
16.96%; 553 HrBAE 1000 ~ 1200C , FREIRRN 0.5%.

B DSC #iZkmI %0, EL5 PF-2 T 630CHHE
B R, 800 C N IE. R, 1 MEAT
HEBYEL, 500°C R4 I Ui B /K 43 R 45 dR K R
BEMARMAERFEERR, F20EH5, &
RFYR G RERHJFRE B, 500C -550CH
T R AR IR, 580 ~ 700°C B JRUELH 45 fR K
HEWH, 750 ~ 820 CH 4 JF K} | B 3T P2 4 - 5
ey 33 Y BOA SRR R KA RUL R, 850 ~
1000 CEEEH H = A AR Hy, 1000C LLEH IR
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Y45 PF-2 MFFEREMT LRI, AT
B E DT=993 C HHER, BERKES>, A=
BIESBRK. BTHZELAGBLARE, ¥
R, R A AT A &R 1050C LG,
HWRBREREANEEN, BHERANR, HH
1R RIB RS FRADE AT
3 & #®

(1) 7 CaO/P20s(mol)=4.5 Bt K /& X A
Si02/P205=1.62 ~ 3.75, MgO/P20s=0.6 ~ 1.75; @it
IEXARAN, BREE A 1273CHE )T PF-1, H
CaO/P205=6.5, MgO/P205=1.2, Si02/P205~2.0-

(2) BT 2. 8. SEFRTENE
RIFAFHEREMEW, HE6 KL EDEK
TR, BREZTENEEHRMIERERN: 3~ 5%,
55 2% ~ 4%, B 4% ~ 8%, %k 2% ~5%. AR .
Hz=As KA MEY S5 ¥ ER KR 9k
77 PF-2 , HMER A 1045C,

(3) MAZEFRTRENRERR RS &
SZHTRRBER, EREH: EKERENERT
EREHFHNERTENELE, REEREER
RFEEEFITENEREN, BRUKERES LR
AR LIREE PO A TR, LHEHE.

(4) H" AR PF-2 #) TG-DSC B4k F B
600 ~ 900 C AMKI FEREM B, £ 630CEA
BFHERIRH, 800CEAT KREMHI, FIEEE
FEREH & o
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Experimental Study on Thermal Process of preparing Phosphorus

Potassium Fertilizers Containing Medium and Trace Elements
Zhang Yali', Hou Cuihong!, Ji Tingting?, Gu Shouyu', Wang Haobin' ,Liu Bingbing'

(1.School of Chemical Engineering, Zhengzhou University National Centre of Research & Popularization on
Calcium, Magnesium, Phosphate and Compound Fertilizer Technology, Zhengzhou Henan 450001, China;
2. Coliege of Resources and Environmental Sciences, China Agricultural University, Beijing 100094 , China)
Abstract: Due to the lack of trace elements in most soils in China, the healthy growth of crops and the
quality of agricultural products are adversely affected. The thermal process of fertilizer preparation has
the advantage of using medium and low grade phosphate ore and high effectiveness of nutrients by high
temperature activation of beneficial elements such as phosphorus, calcium, magnesium and silicon, while
the energy consumption of the process is high. In this study, the effect of mole ratio of Si02/P.0s, MgO/
P>0s, CaO/P20s on the melting characteristic temperature of the system was firstly investigated, and the
formulation PF-1 with a melting point of 1273 C was determined by orthogonal selection. Then the effect of
elements such as boron, manganese, potassium, iron etc. on the melting point of P.0s-CaO-MgO-SiQO: system
was studied. The results showed that the appropriate addition of nutrients were 3% ~ 5% boron, 2% ~ 4%
manganese, 4% ~ 8% potassium, and 2% ~ 5% iron, respectively. Taking into account fertilizer requirements,
the mineral formulation PF-2 was designed with minerals such as phosphorus ore, dolomite, potash feldspar and
boron magnesium ore, and its melting point was lowered to 1045 C , comparing with PF-1, the melting point
lowered 228 C , energy saved and abundant nutrient elements contained in the final product. The corresponding
conversion rates of the nutrients under different thermal preparation conditions were examined. It is found
that the extension of calcination roasting time can significantly improve the conversion rate of potassium
and iron, and the increase of roasting temperature also can promote the effective transformation of various
nutrients. Besides, the corresponding conversion rates of each element under the condition of melting water

quenching is generally higher than that of roasting method, especially phosphorus.
Keywords: Medium and trace elements; P20s-CaO-MgO-SiO: quaternary system; melting point; nutrient
conversion rate



