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Fig.3 Temperature field distribution map in the granulation room
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Fig.4 Phase distribution diagram of phosphorus slag in the granulation room
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Fig.5 Distribution of temperature field in the granulation room under different nozzle angles
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Fig.6 Distribution of phosphorus slag in the granulation room under different nozzle angles

3.3 HAFEWEBESHT
VB 7 A PR S s 1 — A~ 222 H 02 RS

FUF= A B AR S B e T 1 R s R BE 1Y
KON T TR W AR B O 30° B, AN [ KU T



2025 4E 10 A4 5 1

PR B Rl R A S A, BT AE 0 ~0.6 s
PRLAE AT LR B B , YA Wi 1 15 25 < 1) i A A5 8 A
PP AIFE S N o TR B MR kAR
T R, AN R XU S5 1R 0 1 P 2 22 A
No FE0.6 ~1s P, B2 A8 AL A skl 1 7
ey A AR Sy e T 25 A IR 25 A% A, 4
BT/ SR8 i ey 17 R A R G O B 0 S 7 ST 52 o=
FEH Y KGE R 100 m/s B, XN 9 H 11238 8
681 K, & F X fy 60 m/s Bf i)t FF- 2 . [
I, $AS SE A RIS T RE 8 A
ARE R TE £ .

4 L B B LA

R 100 m/s B, 45096 ] i A 4
BB (LI 8 R . AT 5 ¥ S 2 A
JAD, R 78A th T LD EAT o 0. 1 s R KUK
5 R 1 2 J5E 19 A, B 7 XU R 1

A . SRR A T 2 0B . 89 -
700
w 600
Y
Juc
& 500
B
O
3 400
300 o ! : !
0 0.2 04 0.6 0.8 1.0

i} [) /s

B7 AFEXGE T R R A2 1
Fig.7 The variation of the average outlet

temperature under different wind speeds

BELE]50. 3 s I AR R IR 0 00 0, B 2 BE BT IR
5. [RI J TR 2 RO /)N [T AH 70 250
HEIN51. 0 s Ik AL Y I 7 MOR B, 25 5 1 3 kifl

BrBobLie a IR 0 20 AR R n] AR I, 1 s AR
wmﬁ%£ﬁ%ﬁﬂraﬁﬁﬂlﬁ%UTﬁmﬂ

«ME"@Z
0 9
0.8
0.7
0.6
0.4
0.3
0.2
0.1
0.0

() 0.1s (b) 0.3

(c)1.0s (dy1.2s

B8 i
Fig.8 Fluid phase distribution diagram

RERETESR ;1.2 s BG4 %éﬁl%ﬁ%ﬁo

VL ANEL O i 73 e T Jeg 8 032 M A, T
%@Mﬁﬁlﬂﬁ*fﬂﬁhmﬁﬁﬁwﬂﬁoﬁ
T A5, 1" ~ 4% 53] Ay T3 XA, E 380 XA, T IR
A A YA M T A5 I 8 o B (1] ) 22 £k i 18] 10
FR

P10 Ry i Wl e g B AR f it 2. el &1 T
< TR I 1A A XL 17 T R R A, R A s Rk
SEARFTHY, U [ R A P 5 R, 27 P TR
FAE AR 1o R XU B T R il 2 R/
T KA, R T B B[] PR DR R L e i /N T
AR A, DRI T IR, 37 i gl I o R s 1O Ak 300 R,
(17FN2°) B8, Hruls i 4 SZ2 T ORI i, 18 P %
TR 1% o PR T 45 s AR5 T B AN (), 425 % ) 5
[ AR ST T

Y
N,

B9 R A

Fig.9 Schematic diagram of the temperature

monitoring point

5 4hip

B AR A A BRI A7 A 1) JCHE Il R HL™
A FRTETRE S S Rl T 1) R A, AR BIE T 4R H R FH XUIE i
Qb PR S WA 5 B 7S 2 T FLUENT £R0F RASE P ik
BB, RGL AT T IR L Z AR R R R LA K



- 90 - T E A &5 A

BEBEIZE

1900

1800
1700 -

—A |

-e— 2"

-3
’N
N

12001 4

1600
1500
1400 -

REET/K

1300+

1100 | A

1 000 L 1 L |
0 0.2 0.4 0.6 0.8 1.0

IRETA

10 0 2 B Bt (8] £ A2 £k
Fig.10 Temperature change of the monitoring

point over time

TR BE B A AR B LIS 2458

1) W58 B, AT 60 m/s 1y E F1 XU, 100
m/s KU RE 25 $8 T v 1) 4o AR, (i Ak % N
TS o A S 5], $2 i R AE AL AL = N HL
BRPE 4 KA O, W] A R0 A v R 32 (R , DA
1M1 58 56 53 A1 FRL A 28 23 [1] 5 [N, SE Bkl 28 454 25
PR i MBS 8 1) 223 A, O T DR IRV REAS 23 AR 0
TG, AR U 5 7K S 1) Y e £ Dk 30°,

2) X Ky 100 m/s, Mgl 5 7K 1 T £ 2y 30°
INF, Al 2 M TSP 25730 8 ey, G A AT B A
w2, B AR A RN ), e S PR RB TR Y 2 5
MA.

3) JE TG 0 B [ R AN S S HEAT I, B [ AR S
A A A 300 IRV et 3 b B, ELTES s [l
AHJEERE T KU [R) B, v kAR 1 s IR TH 2 28 55
(8] 72 I 5, W A Rl RE R

4) Z IV B BR A, A AR (i Ak 1 B I
177 BB, AR B — 2 45 4 Tk 5B, 31t
G HSHOHAT ERE T EE R

E=3CN
(1] A, KOs , A el el , 2. s e S AR PSR [0 . SRk
T,2017,37(8) ;28 - 31.
SUN C, ZHENG F W, REN Y Y, et al. Research on utilization of

yellow phosphorus slag[ J]. Modern Chemical Industry, 2017, 37
(8):28-31.

(2] PMERE, e, T2 E 55, B B I K JE 5 AT RHIF I BLR
L3, BRI, 2014,28 (13) 196 - 100.
SUNDS, ZHOUT T, WANG A G, et al. Research status and
analysis of cement-based materials mixed with phosphorus slag

[J]. Material Guide, 2014, 28(13): 96 —100.

[3]

(4]

[12]

X, 2, P T, 45 BRd 2R SR A e i A 2 AR
FEFRVRH RN LT . R ,2018,39(3) 32 - 37.
LIUCY, LIS W, SHEN W G, et al. Comprehensive utilization
of phosphorus slag and its application in road base stabilizing
cement[ J]. Building Materials World, 2018, 39(3) . 32 -37.
FEAL AR B BT IR AR SR AR BT ()]
FELEAHI T ,2022(4) 1169 - 174.

WANG D D, FU S C. Study on comprehensive utilization of
phosphorus slag modified asphalt mixture [ J ]. Comprehensive
Utilization of Minerals, 2022(4): 169 —174.

ARTE, B2 0 AN EORHEEE T FLBR 45 H X 0 Hs 9 B2 13 5 )
[J].iB#E+,2016(3) .80 - 83.

SHI D S, WANG A. Effect of slag fine aggregate concrete pore
structure on compressive strength[ J]. Concrete, 2016(3) ; 80 —
83.

WP, Rl , it A5 TR 55 5 0 Wi A M08 DL B K R OB
FELT]. ik EhiE 4 ,2010,29(3) :692 - 697.

CHEN D, CHENG L, FENG H, et al. Study on calcination of
quality cement clinker by high addition phosphorus slag [ J].
Bulletin of the Chinese Ceramic Society,2010,29(3) :692 —697.
A, K, TR AR BRI R X 7 K TR BE 5 R
WFFELT]. AN B, 2023 143(2) 1209 -212.

LOU J X, YANGJ Y, ZHANG Y X, et al. Experimental study on
influence of phosphorus slag powder on pervious concrete [ J].
Journal of China & Foreign Highway, 2023 ,43(2) :209 -212.
TR, DAL B8ORS, . BRI - K UL G BRI SRS BEAL R
JrEtERE SRR T [V ] Rk BRER i 4 ,2020,39 (2) 376 - 382,
401.

ZHANG M,MA Q M,GUO R X, et al. Mechanical Properties of
Composite and  Alkali
Phosphorus Slag Cementitious Materials [ J ]. Bulletin of the
Chinese Ceramic Society, 2020,39(2) : 376 —382,401.

EHARAR AT, SR, R ik BT A O A B N A AR
AR S SR DT ()] BRAL 5 5 ,2023,38(1) :31 - 35.

HU X D, HE M, GUO Y. Simulation and test of heat transfer

Phosphorus ~ Slag-Portland ~ Cement

characteristics of high temperature yellow phosphorus slag particles
in waste heat boiler[ J |. Phosphate & Compound Fertilizer,2023 ,
38(1):31-35.
27 FH AL AR I DI R [T IR Talk 3R, 2018 (7)
62.
FEA XU, sk A, 45 VR RL Sl SRR AT (] R
JERZEZAAR (A ABHERR) ,2020,41(2) 2212 -216.
KANG Yue, LIU C, ZHANG Y Z, et al. Experimental Study on
Granulation of Blast Furnace Slag by Gas Quenching[ J]. Journal
of Northeastern University ( Natural Science ), 2020, 41 (2):
212 -216.
XU, st B, T 45 T CFD 4 U L2 28
oSt [)]. #740,2021,37(4) <74 - 80.
LIUY J, SHIJM, MA G ], et al. Parameter analysis and design

of steel-slag air quenching based on CFD [ J]. Steelmaking,



2025 4F 10 %455 TREEME A5 AT KU T 20 BUE AR - 91 -

2021, 37(4) . 74 -80. [16] WANG L, ZHANG Y, LONG Y. Numerical investigation of
[13] SN, FHH. AP A 8 UKL IE 2l A R M 9 B breakup process of molten blast furnace slag through air

S ]. AR TR AR ,2019,19(4) 1685 - 692. quenching dry granulation technique [ J]. Journal of Iron and

FAN 'Y M, WANG J F. Numerical analysis on dynamics and heat Steel Research International ,2021,28:10 - 18.

transfer progress of a granulated molten slag particle by gas[J]. (177 SEE4. B XU T A M PO EREDF R X T2 [ D],

The Chinese Journal of Process Engineering, 2019, 19 (4): BB BB K2 ,2022 .31 - 32.

685 —692. SHI J M. Study on heat transfer law of steel slag wind quenching
[14] B DU T TR, 5. XUAAE BT A R A9 0 ki Ak process and improvement of process line[ D]. Wuhan: Wuhan

[J]. TR A4 ,2021,42(5) 1288 —1292. University of Science and Technology, 2022 31 -32.

GAO J, FENG Y H, FENG D1, et al. Centrifugal Granulation of (18] [FZE. Eiiis s ml ik R4 B ERIIFSE [ D], L% 1L

Liquid slag by Wind Quenching [ J]. Journal of Engineering ZRK2,2014 .46 —47.

Thermophysics, 2021, 42(5) . 1288 - 1292. CHEN Y. Numerical simulation study of waste heat recovery
[15] TAN Y, ZHU X, HE X, et al. Granulation characteristics of system of high temperature steel slag[ D]. Shandong: Shandong

molten blast furnace slag by hybrid centrifugal-air blast technique University, 2014 ; 46 —47.

[J]. Powder Technology, 2018 :323.

Numerical simulation of the air quenching process of liquid phosphorus slag
XU Xuepeng'*, HUANG Fuchuan'”
(1. School of Mechanical Engineering, Guangxi University, Nanning 530000, China;

2. Guangxi Key Laboratory of Petrochemical Resources Processing and Process Strengthening Technology, Nanning 530000, China)
Abstract; In view of the disadvantages of water quenching treatment of liquid phosphorus slag in industrial
production of yellow phosphorus at present, the wind quenching method is used to treat liquid phosphorus slag and
the numerical simulation of the wind quenching process is carried out. Based on the FLUENT simulation method, a
finite element simulation model was established to simulate the process of liquid phosphorus slag treated by wind
quenching technology, and the influencing factors of wind quenching process and the solidification heat transfer law
of slag particles were analyzed. The results show that when the air velocity is relatively high, the diffusion speed of
slag particles is fast, the temperature distribution in the granulation chamber is uniform, and the layout of the
granulation chamber is more reasonably utilized. Moreover, the average outlet temperature is higher, the energy
contained in the hot air is greater, and more energy can be utilized in the heat recovery stage. When the angle of
the nozzle in the granulation chamber with the horizontal plane is 30°, the air quenching and granulation effect is
better than that at 0°; when the angle is 60°, it is restricted by the structure of the granulation chamber, leading to
slag particles flying out from the air outlet. The solidification process of liquid phosphorus slag droplets proceeds
unevenly, and the thickness of the formed slag shell is also uneven. It provides a theoretical basis and guidance for
optimizing the treatment of liquid phosphorus slag by air quenching and realizing the recovery of air quenching waste
heat.

Key words: liquid phosphorus slag; wind quenching method; numerical simulation; air velocity; nozzle angle;

waste heat recovery



