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Material recycling of inorganic sludge by wet ball milling
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Abstract: The possibility of material recycling of inorganic sludge by wet ball milling with distilled water and an
ethylenediaminetetraacetic acid disodium salt dehydrate (EDTA-2Na-2H,0) reagent was investigated. The inorganic
sludge consisted of 14.1mass% of the heat-treated sludge obtained after drying and heat treatment, 20.1mass% of active
carbon, and 65.9mass% of water. The wet ball milling of the heat-treated sludge was performed using a ball mill pot and
balls in air for 40 h at room temperature with the rotational speed fixed at 200 rpm. The fractions of Mn, Fe, Ni, Cu, and
Zr in the specimens obtained by wet-ball-milling the heat-treated sludge decreased and those of Si and Al increased.
Appropriate content of distilled water and weight of the heat-treated sludge for wet ball milling were 150 - 250 ml and
4.5 g or less, respectively. When the wet ball milling of the heat-treated sludge was performed twice, the fractions of
Mn, Fe, Ni, Cu, and Zr in the specimen obtained after repeated wet ball milling remarkably decreased and that of Si
increased in comparison with those in the specimens wet-ball-milled once. This suggests that the repeat of wet ball
milling of the heat-treated sludge leads to a colorless specimen without colored ions such as Mn, Fe, Ni, and Cu.
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Fig. 1. Inorganic sludge discharged by the disposal
of inorganic liquid waste in Environmental
Management Center, Okayama University.

ATy POMBEOMEITO DI, A7 v PD
TG-DTAME Z e 21T > 7=, «{:wm.ﬂ\t_){dt\

ATy 2 100°C T 12BN B L TRk Sy
Tor=tkRkic U=, F=, KOBELEZAT v
T X B Z450°C TR VLR 2 9TV, TEPEIK % R
E LT BRSO NEZA T v PEVLER T v V)
B3 A 0 HLEY 23 Br A O XAXRF) 43 B i 2 FH D T T
e,

BEa

222, @B R — 2 VALER

AR — L T VT AR — L S VALERRI L D A T
v PO LK O W) A E e GEl 5 72 2Bl
BEAT v ‘/“::m VAT o7, BLPRR T » ¥, EDTA
AR, ZRRUK, B SmmE 10 mmdD P =T R—
JV(ELEE Smm: 500 g, [ELFE10 mm : 441 g)% 700 mIR
U7 2 FRUEy Mo AN TR — 4 2 VR %40
WifHl, A hoENEER200 rpm T{T- 72, EDTARIE
ht13237.224 g (0.1mol) TREE L, 788K HE%50—300
ml, A7 v AE25-10.0g% 'G"?}Eﬂ:éﬁt,_,

IR — v JVIER %, W5 Ailikic "’Iﬁfff"
STHEEAT o T2, iR TBER IS BT 1%%/?\7&50“(:
RE] Coe I X E 7= 1%, 40X orikic kv ﬁ“\ﬁ
T Z= 1T > 7=,

3. WRLEE

3-1. AT v COMBSHT

Fig. 2 IZA 7 v 2@ TG-DTA ?il'f’;if()Jﬁﬂ':/L’i’/‘i;’?_
TG TIXMERMEA(ER) A S 100°C & 400—450C LT
JCEEOBYLAR NS, £/- DTA Tl 400~—
450CIZT THRMEZ RTE— 2 NElEs -, =il
76 100°C & 400—450°Clzni TOELIZTL R
z%;ymammm PR OIRBEIZSH T 5, €
DOFERAT IS THEMRREE, BUABLRIE #
100C, 450(:9: L7z, Welfs, BVLBHO AT v 2,
EEAT vy, BUE AT v O OFHE% Fig. 3
EAIZENENRT, AT v OGRS
o TWAEORETH-1Y, E6HIZ 450°C TH
MPRZ1T O &, RxZiRMERICE A BRAaDF AT
<720 24 % ITIL Fig. 4 O L 5 e k@ alz /e o7,

100°C, 12 Wpffl Coea i MBI X4 /- WA 5
v D LRLEEA T v T 450°C T 24 W EVLER L 7= EA
WMPRAZ o POERBMEEIT T2, EORRAT v
2100 g 1z, KA 65.9g, TEPELEAY20.1 g, HifE:
BUMEZICHONIBEA T v U 141 gEFEN
T,

BULEL R 7 P ORI Z 80 X SlEIC L 0
T2 % Table | 1237, BULPERX T & D%

o—r—r—r—r—1—r—1—— 700
600
500
400
300
200
100
0

180300 200 300 400 500 600 700 800

Temperature / °C

Weight / mg
Al | moud jeaH

Fig. 2. TG-DTA profile of the sludge.
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Fig. 3. Powder of dried sludge obtained by
drying the sludge (Fig. 1) at 100°C for 12 hours.

Fig. 4. Powder of heat-treated sludge obtained
by heat-treating the dried sludge (Fig. 3) at
450°C for 24 hours.
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Table 1. Analyzed composition (mol%) of the heat-treated sludge (Fig. 4) by XRF measurement.
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Fig. 5. Analytical compositions of the heat-treated sludge and the specimens obtained
by wet-ball-milling 3.5 g of heat-treated sludge with balls only, EDTA only and balls
and EDTA with 100 ml distilled water for 40 hours by XRF measurements.
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Fig. 6. Analytical compositions of the heat-treated sludge and the specimens
obtained by wet-ball-milling 3.5 g of heat-treated sludge with 50-300 ml distilled

water for 40 hour by XRF measurements.
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Fig. 7. Analytical compositions of the heat-treated sludge and the specimens
obtained by wet-ball-milling 2.5-10.0 g of heat-treated sludge with 200 ml
distilled water for 40 hours by XRF measurements.
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Fig. 8. Analytical compositions of the heat-treated sludge and the specimens
obtained by wet-ball-milling 3.5 g of heat-treated sludge with 100 ml distilled
water for 40 hours once and twice by XRF measurements.
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