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Table S1. Solids and liquid recovery from phosphoric acid sludge using a continuous-flow decanter centrifuge. The operational status and power consumption were monitored during the experiments. 


	Run
	Solid
Feed
(Wt.%)
	Slurry
throughput
(LPH)
	Time
(min)
	Acceleration
(g)/(RPM)
	Differ. Speed
(rpm)
	Weir
Size
(mm)
	Screw engine*
(%)
	Screw
Controller
(%)
	Power (W)
Screw/Bowl/Total
	Solid in Liq. Phase
(wt.%)
	Solid in Sol. Phase
(wt.%)
	Liquid
Recovery
(%)
	Solid
Recovery
(%)

	1
	31.4
	9.2
	80
	1000
(5460)
	20
	48
	19~23
	19~22
	294/-138/156
(298/-138/160)
	4.8
	83.4
	91.8
	89.9

	2
	30.5
	9.2
	70
	1000
(5460)
	20
	48
	18~24
	18~24
	329/-166/163
(296/-147/149)
	6.1
	86.4
	92.5
	88.8

	3
	29.6
	9.4
	75
	1500
(6687)
	20
	48
	40~44
	40~43
	520/-341/178
(522/-296/226)
	4.4
	86.8
	95.3
	87.5

	4
	26.3
	10.1
	90
	1500
(6687)
	20
	48
	32~36
	32~38
	543/-279/264
(524/-301/223)
	3.9
	89.4
	95.5
	90.7

	5
	26.3
	20.6
	40
	1500
(6687)
	20
	48
	62~66
	61~64
	695/-427/268
(636/-390/239)
	6.2
	89.5
	96.5
	82.1

	6
	26.3
	26.2
	30
	1500
(6687)
	20
	48
	75~76
	75~76
	719/-450/269
(708/-469/239)
	7.1
	86.3
	95.5
	79.7

	7
	34.5
	14.4
	53
	1400
(6461)
	20
	48
	70~71
	69~71
	671/-451/219
(655/-432/223)
	8.0
	88.5
	94.2
	84.3

	8
	35.1
	13.0
	72
	1400
(6461)
	20
	48
	63~66
	63~66
	647/-421/226
(634/-451/183)
	7.9
	89.5
	94.5
	85.2





Roasting-Leaching Test

One set of roasting-leaching tests was conducted using a fresh phosphoric acid sludge with chemical compositions shown in Table 1. 

Table S2.  Contents of REE and main chemical components in the test sludge.
	Component
	Sc
	Y
	La
	Ce
	Pr
	Nd
	Sm
	Eu
	Gd
	Tb

	Content/ppm
	0.0
	158.2
	157.7
	236.0
	32.4
	138.5
	31.5
	9.0
	45.5
	6.9

	Component
	Dy
	Ho
	Er
	Tm
	Yb
	Lu
	Total REE

	Content/ppm
	34.5
	6.6
	12.7
	1.8
	3.5
	1.4
	876.1

	Component
	P2O5
	MgO
	Al2O3
	Fe2O3
	CaO

	Content/%
	18.91
	4.50
	5.78
	6.35
	12.95



The sludge was mixed with activated carbon powder thoroughly first, and then the mixture was roasted at 1200℃ (reduction roasting, RR) for 2.5 hours to reduce the phosphates, followed air roasting at 950 ℃ (air roasting, AR) for 2 hours to burn any residual carbon. The weight changes of the mixture and sludge under different conditions are shown in Table 2.
Table S3.  Weight change of different feed mixtures in roasting.
	Series No.
	Weight ratio of sludge to carbon in feed mixture
	Weight loss rate of mixture in RR / %
	Weight loss rate of mixture in AR / %
	Weight loss rate in RR and AR / %

	
	
	
	
	sludge
	Phosphorus*

	#1
	2.31
	73.92
	18.66
	69.63
	70.24

	#2
	2.51
	65.23
	10.33
	56.51
	58.88

	#3
	2.76
	64.29
	6.09
	54.46
	55.18

	#4
	3.96
	57.21
	1.90
	47.62
	46.82


*Phosphorus “loss” is actually phosphorus recovered as elemental P.










Table 3 shows that REE content in the roasted product more than doubled.

Table S4.  Contents of REE in roasted sludge.
	Roasted sludge
	Content / ppm

	
	Sc
	Y
	La
	Ce
	Pr
	Nd
	Sm
	Eu
	Gd
	Tb

	#1
	0.00
	342.7
	332.1
	558.2
	66.5
	266.6
	65.4
	16.6
	94.8
	12.6

	#2
	0.00
	344.7
	330.0
	553.6
	66.2
	265.2
	65.0
	16.6
	95.4
	12.6

	#3
	0.0
	332.8
	310.7
	525.6
	62.6
	251.4
	61.8
	15.6
	89.4
	11.9

	#4
	0.0
	330.8
	315.0
	532.7
	63.3
	250.3
	61.8
	15.6
	89.6
	12.0

	Roasted sludge
	Content /ppm

	
	Dy
	Ho
	Er
	Tm
	Yb
	Lu
	Total REE

	#1
	71.6
	11.6
	25.1
	1.8
	6.3
	0.9
	1872.6

	#2
	70.3
	11.5
	25.1
	1.8
	6.2
	0.9
	1865.2

	#3
	66.8
	11.0
	23.9
	1.7
	6.0
	0.9
	1772.1

	#4
	67.6
	10.9
	67.6
	10.9
	23.6
	1.6
	1781.5



	The roasting test products were used in leaching tests with 5 M nitric acid solution at room temperature (about 23℃) and liquid to solid of 7:3 for 8 hours. Table 4 shows leaching results.

	Table S5. Leaching results of the roasted sludge.
	Test No.
	#1
	#2
	#3
	#4

	REE leaching recovery, %
	97.29
	97.22
	97.04
	98.38






