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Study on Lower-Temperature Process in Phosphorus Production from Steelmaking Slag
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Supply of yellow phosphorous, an industrially important resource, relies entirely on imports, and its domestic production is
desired for stable supply. However, there are two challenges: (1) phosphate rock, the raw material, cannot be mined domestically
in Japan, and (2) recovering phosphorus from various phosphorus resources, including phosphate rock, requires enormous
electrical consumption with conventional methods. To address these challenges, a method for producing yellow phosphorus at
lower temperatures was investigated. This method uses steelmaking slag, the domestically largest unused phosphorus resource,
as the raw material, and silicon (Si) as the reducing agent. By using Si instead of the conventional coke (C) as the reducing agent,
phosphorus could be separated from the slag at a lower temperature condition of 1,273 K. Surface analysis (SEM-EDS, elemental
analysis) was also conducted to study the mechanism where phosphate (P,05) in the slag is reduced by the diffusion of Si in this
lower-temperature process.
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Fig. 1 Phosphorus flow in Japan ( reproduced from Reference ( 1 ) by courtesy of Hisao Otake )
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Table 2 Experimental conditions
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Table 1 Issues of conventional method and advantages of proposed method
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64

30 -

20

U EE (wt%)

o[ —

1s 5 min 30 min 120 min

FRHR T #1520 PREFIR ]

54 V) VR AR OO B £R
Fig. 4 Relationship between phosphorus yield and retention time

(b) 1&¥#EERE 120 min

%5 5@ SEM BiEHsR
Fig.5 SEM observation results

= (wt%)

1y

R
i

0 1 1 1 1 1 |

0 20 40 60 80 100 120
JNEREERT (min)

(V) - PAFEERI3IEE 4 ® 1s, 5min, 30 min, 120 min (2S5,
SOmin I L TV AR WA T FRF2IRT.

%6 T Yy Y TR R O PR R AL

Fig. 6 Element weight fraction on the surface of sintering particles

IHI B Vol.64 No.2 (2024)



--:Ca
$I | 3.5 um 3.5 um H

X R (count/s)

pAs =]
(1) PRHEERER 0 120 min

87 B ALFWTEIOMBSHT (RROHT ) R
Fig. 7 Composition analysis results in the cross-section of particles
( Line analysis )

CEDPHONE R o7 THUTRTRITH S Si BSAT T
HHZHEHCT 5 2 & C ST REDSIEIML 722 812X Y Ca i
FEASRA L2 L2 HA, ORI TR -2H A 5
3.5 um OHFFANTHETH D, RIBO X T = XL %3
THLEZD.

4, & =

B o ROEREEIIIAT V7 -Si ROJIG A /1 = AL
DWCELEL BS5SE-(b) D SEM % Tid, k4
EOER L TV ARTFIER SN o Tz 20720, [EiE
DR E 72138 (ZoPh T L EEROEIER) 12X
0D AZ 7o) v & TeH] Si A ER L, B S
TS DSHEIT L2 Bbiv s, AT 7o) ki
( Ca0-P,05-Si0, DFEFL ) ORI 2,273 K fits (1) T
HbH. FOl, BEDS 1,687 K O Si OEGERE 721%

1) ViR R FRERALYIAR
(P,05-Ca0-Si0,)  ( FeO,-CaO-SiO, )
AT TAND Si DERGTHITE R
RS ARIEFL
. Si

4"
.

.
~
~

J
T Si

(a) SiDXFTHADHMEEE

Si & P HMEfL - SUS

(b) Si& P DOEMIZELS P,0, DETRIC

FIEA S OIHUZ LD, Si KA T THABE L, EITK
DI E 728 EZD.

Dibzrt, 8 6 BOM I, PRI E ORGEIZHE,
Si DEBIIERE 72 IILER L, AT TR ABEL, A
F 7RT D Ca DERENT LR TE S, EikTHEE
SNBPIBA N ZALZESRUITRS. AT 7D »
TR ( P,05-Ca0-Si0, ) ")~ Si 2SI iARE E 7213
WS 5 2 LKV WEREIT 5. Si OWEREISILHCE
Fie iU, SRS 1,273 K 1 Si Ol 1,687 K
D) 0.75 FeTh Y, HLHOEREE LTI, MFHLEE 721%
PRI (& FIRER ) 532leny ) EHEll S G, AT 7
THRIGWE TH A P,0s EHH L T&72 Si LEHi$ 52
ETRITISATIRI ), AT 7)5H1) Y95, ) ¥ Pu(g)
DILEETHBEL 72 E 2 5. 8 7 ROREKIL, Si k1208
AT TRAFREANOYLEL, KFHLED A B = X L% R D
DTHDHEEZD.

5. #&

ARIDFERD HIRD Z &S ho Tz,

(1) TI=ZZA(C) LN BBITHOENT) T2 (Si)
*HWD ZETHERD C #EIT L ) HIKIRD 1,273K
TATIMH) Y RERTE 2 Ko 7ot
AL, PEREIZHA, HERE 2 HIE T & B EeE
M5,

(2) AEOWFETIY ¥ 7% 7  LTH S,
WEETIE) VERDPETHL I LI, TuLRAD
fHFACIZO %A, it B HEII S L155.

(3) AF77& SiffHTIE 1,273K IZBWTSi D
HERLE 72\ RS2 OILFATE X, Si A3 R
T T DORNIERLT B A B = XLH, GHRERED SR

il

AT T ORAY

Si 4 Py(2)
Ca0-Si0, # *7

-
-

<
~
~~.
..

(¢) RZTHEPEDY > DREE

£8 A5 7S RTHWESND G A =X L

Fig. 8 The estimated reaction mechanism in slag-Si system
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