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ABSTRACT

The nickel values from the fuel oil ash could be efficiently recovered as double salt, nickel
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ammonium sulfate hexahydrated crystal(NAS),

o

by the addition of ammonum sulfate to

the nickel pregnant liquor from the vanadium recovery process.

The amount of ammonium sulfate added has little effect on the crystal size characteri-

stics, but the yield of crystalline precipitate was greatly increased by the addition of am-

monium sulfate in excess because of the sharp decrease in solubility of NAS.

The recovery of nickel values as NAS was ranged 220 to 230kg per ton of the fuel oil

ash.

The nucleation rate was studied in a mixed suspension-mixed product removal cooling

crystallizer, which was found to correlate with power-law kinetics of the form B° = kMG2*

The constant k is a function of operation conditions that include temperature,

degree of

agitation and fluid characteristics. The value of k was 1.47 X 10'? under the experimental

conditions in this investigation.
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: Holding Tank (5 liter)

: Nuclei Destroyer (5 liter)

: MSMPR Cooling Crystallizer
: Magma Receiver(3 liter)

"YU Z2Ow

: Rotameter
T : Glass thermometer

: Masterflex Pump (coal-parmer Model No. 7016)

TC1, TC2: Temperature Controller for Heating (HAAKE, Model E52)
TC3 : Temperature Centroller for Cooling(MGW, LAUDA RC20)
V : Constant Voltage Regulator (Sola Electric, output 120 volts)

Fig. 1. Schematic illustration of experimental apparatus
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Fig. 4. Effect of Acid Concentration on Nickel
Recovery
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Table 2. Nickel Extraction(Based on 1 kg of Ash)

Solution Nigr)  Ni Conc. (gr/1) Distribution(%) Extraction(%) S°1“t(ic°c’; Vol'm
Filtrate 17.5 17.5 47.5 43.3 1000
1st Washing 3.0 7.5 8.1 7.5 400
2nd Washing Neg. - —
Roasting Leach Liquor
Filtrate 14.4 24 39 35.6 600
Washing 1.96 7.84 5.3 4.8 250
36. 86 100 91.2
grisi, ) ,s0, / liter of solution HZO
o 2o % 50 %0 A NiSO, +- (NH,),S0,——-NiSO,(NH,),S0,-
L ©) 100(min} GHZO (5)
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Fig. 5. Effect of Ammonium Sulfate addition on
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Table 3. Sieve Analysis

Run No Addition of AS(gr/1) L, (mm) L, (mm) C.vV Remark
R—1 28.6 —140 mesh
(160 25
R—2 14.3 0.195 0.128 59.94
R—3 14.3 0. 280 0.138 77.27
R—4 57.1 —140 mesh
(74. 42 %)
R—5 100.0 —170 mesh
(100 %)
R—T 170.0 0.151 0.124 51.15
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Table 4. Experimental conditions and observations

mean Residence Feed conc.  Feed flow rate
Run No M (gr/cc) Temp.(°C) G(cm/min) n°®(#/cm-cc)
Time, T (min) (gr/cc) (cc/min)
Cc—-1 11.2 0. 0305 25 0. 1396 52.8 3.99x10* 1.79x 107
C—2 11.2 0.0225 25 0.1311 52.8 4.01x10¢ 1.25% 107
C-3 11.2 0.0204 25 0.1298 52.8 4.03x10°* 1.06 X 107
C—4 6.0 0. 0501 25 0.1522 30.0 8.80x10* 6.56 X107
Cc—5 10.0 0. 0501 25 0.1522 50.0 5.88Xx10-% 4.86 X107
C—6 14.0 0.0501 25 0.1522 70.0 4.54X10"* 3.45%x107
1s 108
K o :C -1
-
X : C - 2
\ L 0 C -3 -
10 L L -
§
: R
<
*
o~ o {
o & =
I
~t
5 b
10’ A i 1 Lt
21074 1673
. G (cm/min)
Fig. 9. Nucleation Kinetics
R Series, Bausch & Lomb) ¢ 2 Zz]o] z-its]
0 ' - : 22 &4 (Sieve analysis)d] 213 A AR
e 0.2 0.4 0.6 0.8 Al el ¥ (crystal population density)E xr}
7, {mm)

Fig. 8. Crystal Size Distribution of NAS
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B° : nucleation rate(#/cc-min)

C : supersaturation(gr hydrated NAS/1 free
water)

CSD : crystal size distribution

C.V : coefficient of variation(%

G : linear growth rate(cm/min)

ky : volumetric shape factor( —)

L; : mean crystal size of the ith fraction
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Fig. 13. Flow sheet for NAS Recovery

(mm)
L; : difference between the screen fize(mm)
L, : statistical mean crystal size(mm)
L,, : predominant size(mm)
M : suspension density(gr/cc)
2 : crystal population density(# /cm-cc)
7° : nuclei population density(# /cmecc)
NAS : nickel ammonium sulfate

Blat3st H19T X 435 19814 83U

P : cumulative percentage oversize(%)
T : mean residence time(min.)

W : mass of crystals on sieve(gr)

p : crystal density(gr/cc)
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