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RECOVERY OF METAL VALUES FROM SPENT HYDRODESULFURIZATION
CATALYSTS BY MEANS OF SOLVENT EXTRACTION AND ADSORPTION
TECHNOLOGIES

Katsutoshi INOUE and Pingwei ZHANG
Dapartment of Applied Chemistry, Saga University
Honjo-machi, Saga 840, Japan

Introduction

Sincetheearly 1950s majority of world's cr ud oil and heavy fr actions have been desulfurized
by means of a catalytic process known as “hydrodesulfurization (HDS)". A molybdenum
trioxide catalyst pr omoted with cobalt and nickel oxide on acarrier of gamma- aumina has been
gener ally used for this pur pose. During the desulfurization process, such metals as nickel and
vanadium present in crud ol] are deposited on the catalyst together with hydr ocar bons, car bon
and sulfur. After anumber of recovery cycles of burning off the carbon, hydr ocar bons and
sulfur, the catalytic activity is eventually reduced to the extent that the catalyst has to be
renewed. Consequently, a great amount of spent HDS catalyst is generated fr om petroleum
refiners. Al present in Japan, molybdenum and vanadium are being recovered to a certain
extent fr om spent HDS catalyst by leaching with hot water after roasting together with sodium
car bonate at a temper atur e of above 650 °C, and then precipitating vanadium as ammonium
vanadate by adding ammonium chloride and subsequently mdybdenum as hydr oxide sfter pH
adj ustment. However, ail of the cobalt and nickel still remain in the aluminum carrier in
addition to small amount of molybdenum and vanadium not |eached by this method. The waste
carrier contaminated with these metals has not found any other uses and is being dumped in
appropriate locations or treaed for landfili. In order toredize the zer o- emission society in
future, development of efficient separation process is urgently required to recover all of the
malybdenum, vanadium, ccbalt and nickel from spent HDS cataysts leaving high purity
aluminum free from metal contamination.

The alter native tr estment to avoid the problem of solid waste disposal is total dissolution of
metals fr om the spent catalysts with sulfuric acid.  Accor ding to this tr eatment pr ocess, the
cr ushed sample powder, with a metal composition (%) of 12.26 MoQ,, 4.04 V,Q, 3.52 Q)
0.75 NiO and 6417 A0, cobtained after burning the spent caalysts to remove sulfur,
hydr ocar bons and car bon deposited on them, was tr eated with sulfuric acid to obtain a total
dissolution solution of pH ~ 1.2 containing (ppm)} 2600 Mo (M) , 810 V {1V} , 1000 Cq,
210 Ni and 12410 Al, from which metal values had to be selectively and nearly completely
separ ated and r ecover ed |eaving a uminum fr ee fr om meta contamination in the soution. The
high extent of separ ation and recovery of each metal by means of soivent extraction and/ or ion
exchange is the key feature of this treatment process.

Recovery of Molybdenum and Vanadium

Extr action behaviors for each metal ion in question with some acidic or ganophosphor us
compaunds and LIX63 are shown as a plot of % extraction of each metal aga nst equilibrium pH
in Figs. 1 and 2, respectively. It can be seen fr om the comparison of thesefigures thal nearly
complete extraction of molybdenum can be achieved even & very low pH with all of the
axtr actants employed. Especially, it can be highly selectively extr acted away fr om ofher metals
a pH=0 with CYANEX 272, PIA- 8 and LIX63. Vanadium is adsofavored over aluminum with
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these thr ee extractants. The extr acted malybdenum and vanadium can be easily stripped with
aqueous ammonia solution froin the loaded solvents to obtain ammenium molybdate and vanadate.
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Fig.1 Plot of % extraction of metals with 20% various or ganophiosphor us acids in EXXSCL D80
from sulfate solutions against equilibrium pH attained after 2 days of shaking.
( (a) CYANEX272, (b} PIA-8, (c) PC-88A, (d) TR-83)
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Fig2 Plot of % extraction of metals with 20% LIX 63 in EXXSCL D80 from sulfate sol utions
against e quilibrium pH.
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However, the commer cial use of these extr actants seems unpr efer able owing their high prices
and various reguiaion in Japan for using new reagents which have not been employed on
commer cid scale. Consequently, we developed alter native separation and recovery process
using PC- 88A, an or ganophosphonic acid extractant which is more inexpensive and had been
empfoyed for cobalt/ nickel separation and separ ation of rare earths on commercial scae in
Japan.
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Fig3 Plot of the concentration of vanadium{ V) extracted with 40% PG 88A in EXXSOL D80
from multi-component aqueous sulfate solutions against contact time.

Feed (ppm): 2820 Mo, 807 V, 11700 Al, 40 Fe, 1000 Co, 200 Ni. O:FeedpH =057, QA=
1/2, A:FeedpH=1.46, FeedO/A=1/2, [I:FeedpH=1.46, Q/A=1/5, :Feed pH = 1.50,
[V] = 859 ppm (single slement system), O/A = 1/5.

Fig.4 Plot of the concentration of auminum extracted with 40% PC- 88A in EXXSQL D80 from
multti- component aqueous sulfate solutions against contact time. The composition of the feed
solution and the symbols are the same as described in Fig.3.

Figures 3 and 4 show the plots of concentr ation of vanadium(1V) and a uminum, r espectively,
extracted with 40 % PG 88A in EXXSCL D80 from multi- dlement agueous sulfate solutions
using reciprocating air bath shaker (160 rpm) agd nst shaking time, Comparison of these
figur es suggests that the extr action of aluminum is very slow and it takes as long as mor e than
25 h to reach equilibrium while that of vanadium is very rapid, suggesting a possibility to
selectively separ ae vanadium{ V) away fr om aluminum by controlling the contact time of two
phases making use of the very lar ge differ ence in the extr action r ate between thesetwo metas.
Alsoin the extraction of molybdenum({ W}, the equilibrium was attained immediately as well as
vanadium(1V). Figure5 shows the relationship between % extr action of each metd and pM in
the extr action fr om the multi- e ement sul phate solution with 40% PC- 88A in EXXCL D80 after
5 h of shaking. Very different from the result shown in Fig. 1(c} where two phases were
shaken for as [ongas 48 htoattain equilibrium, only small or negligible amount of a uminum is
extracted & pH less than 2, while molybdenum and vanadium ar ¢ near 1y quantitatively extracted
e pHless than or greater than, respectively, about 1.5, suggesting the satisfactory separ afion
among 3 kinds of metals, molybdenum, vanadium, and aluminum, by controlling the shaking
time in the extraction with PC-88A,
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Fig53 pH dependence of extraction of metal ions from sulfate salution with 40 % PC 8BA in
EXXSOL D80 after 5 h of shaking. ©@: Mo, V'V, A:Al. CI'Fe, G/A = 1/2.
Feed (ppm}); M0o2695-2837,V777-819, Al 11298-11900, Fe35-36, Ni190-200

Recovery of Nickel and Cobalt

After the recovery of molybdenum and vanadium, the small amount of nickel and cobalt should
be selectively and effectively r ecover ed fr om ther affinate containing lar ge excess of aluminum
at low pH. In the mid 1970s, Amax Inc. found the possibility of preferentially extracting nickel
and cobalt over auminum at !ow pH by adding dinonylnaphthal enesulfonic acid { DNNSA) to LIX
63. greatly enhancing the extraction of nickel and cobalt by syner gistic effect. However, poor
stripping of nickel and degr adation of LIX 63 in the pr esence of DNNSA as well as emul sification
problems were the major fatal drawbacks encountered with this mixture. Although the
extraction process using the synergistic mixture of LIX63 in combination with D2EHPA had been
developed as early the mid 1960s, this mixtur e suffers from similar dr awbacks, e.g. the high
cancentration of sulfuric acid required for stripping nickel and the degradation of LIX 63 to same
degree.

Figure 6 shows the pH dependence of the extraction of nickel, cobalt and aluminum with the
mixture of LIX 63 in combination with CYANEX 272 from sulfuric acid sofution together with
those with CYANEX 272 aone for comparison. As seen from this figure, the pH at which the
extr action of nickel and cobalt takes placeis shiftedto much lower pH or the extr action of these
metals is much enhanced, owingtothe r emar kable syner gistic effect while that for aluminum is
shitted slightly to higher pH or its extraction is suppressed.  This result suggests that the
synergistic mixture as such exhibits good selectivity for cobalt and nickel aver aluminum,
makingit possible to extract cobalt and nickel preferentially away from aluminum at low pH.
Similar phenomena wer e obser ved for the mixtur es with cther or ganophosphor us acids, but the
extent of the shift of pH at which the extr action takes place, i.e. that of the syner gistic effect,
was differ ent for each extr actant and it was found that the higher the acidity of the extr actant the
gr eater the syner gistic effect. Thatis, the or der of the syner gisticeffect is as follows OPEHPA >
D2EHPA >TR- 83 >PC 88A > PIA- 8 ~ CYANEX272. Onthe other hand, too str ong syner gistic
effect, or too low pH at which the extraction takes place makes stripping of metals from loaded
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Fig6 pH dependency of extiraction of cobalt, nickel and aluminum by CYANEX 272 with and
without LIX 63 from sulfuric acid solution ( The closed and open keys represent 20 % CYANEX
272 doneand7 % CYANEX 272 / 20 % LIX63 mixture, respectively, circles: Co, squar es: Ni,
triangles: Al)

solvent difficult under moder ate conditions. For example, in thestripping from the mixtur e of
10% D2EHPA+30% LIXE3, 2.53 and 4.59 M sulfuric acidis requiredto strip 84.70 % of
cobalt and 71.09 % of nickel, respectively, from the loaded solvent while in the case of the
mixture of 10% CYANEX 272 + 30% LIX63, only 0.25 and 1.03 M is necessary tostrip 89.45
% of cobalt and 87.26 % of nickel, respectively, in one batch operation.

LIX 83 is expectedtobe gradual |y degr aded and, consequently, loseits extr action activity from
atack by the coexisting acidic extractants in the solvents as mentioned earlier. However,
compar aive tests which were carried out to deter mine the stability of LIX 63 in the mixed
extr actants that had been aged for along time at ambient temper ature showed that LIX 63 is
degr aded to varying degr ees by the strongly acidic extractants such as D2EHPA while, on the
other hand, the degr adation caused by the weakly acidic extr actants such as PC- 88A, CYANEX
272 and P1A-8 appears to be negligible.

From the above- mentioned experimental results, the synergistic mixtures of LIX 63 in
combination with CYANEX 272 and PIA- 8 appear to be suitable for the preferentia recovery of
nickel and cobalt from a lar ge excess of auminum at low pH. However, it was found that even
the syner gistic mixtur es suffer ed ir om a serious practical dr awback, i.e. thevery slow rate of
extraction of nicke. Figure 7 shows the relationship between the contact time and the
concentr aion of nickel loaded in the solvents consisting of LIX63 andvarious or ganophosphor us
aci ds in the extr action using an air - bath shaker reciprocatingat 160 rpm and maintaineda 30.
Fromthis figure, it is appar ent that it takes morethan 50 h toreach equilibrium with any of
these syner gistic mixtures, suggesting that it would be unacceptable to employ these types of
syner gistic mixtures on acommer cial scaletorecover nickel, while, intheextraction of cobalt
under the same conditions, the equilibrium was attained smoothly within 5 h.

In order to avoid the dr awback of the synergistic mixtures of LIX 63 in combination with
acidic organophosphorus compounds mentioned above, another type of solvent extraction system
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Fig. 7 Relationship between the contact time and the concentration of nickel extracted in the
syner gistic mixtur es consisting of LIX 63 andvarious or ganophosphor us acids. : 8 % CYANEX
272+ 21 % LIX63,pH=2.0,[1:7 % PC 88A+ 21 % LIX63, pH=1.5, V:11 % CPEHPA +
21 % LIX 63, pH=0.7.

Fig. 8 Relationship betwesn the contact time and % extraction of nickel with the synergistic
mixtures of 50 mM picolylamines in combination with DNNSA in EXXSCL D80 containing 4 val.
% octanol as a madifier under the same experimental condition with that in Fig.7.

for nickel with rapid extraction kinetics acceptable for commer cid application was scr eened.
For this purpose, following three kinds of N- alkyl- di- 2- picoylamines with different alkyl
r adical s wer e synthesized to prepar e another type of syner gistic mixtures in combination with
DNNGSA; tetr adecylpicoylamine ( TDPA), oleylpicolylamine ( CLPA) , and octadecylpicolylamine
(ODPA).

Figure 8 shows the reiationship between the contact time and the % extr action of nickel with
syner gistic mixtures of two kinds of picolylamine in combination with DNNSA from dilute
sulfuric acid solution containing 2.5 mM nickel under the same condition with that inFig. 7. In
contr ast to the results shown in Fig.7, the equilibrium can be attained within 3 h. Figure 9
shows the plot of % extraction of nickel, cobalt and aluminum against equilibrium pH in the
individual extr action of these metals with the mixtur e consisting of 50 mM TDPA and 100 mM
DNNSA in EXXSCL D80 containing 4 val.% octanol as a phase modifier. As seen from thisfigure,
it is apparent that cobalt and nickel can be highly sedectively extracted at low pH over
aduminum, the extraction of which can be nearly negligible & the pH in guestion. Similar
results were obtained with the mixture of the other two kinds of picolylamines.

Stripping tests were subsequently carried out using 0.5 M sulfuric acid and 1.0 M
hydr ochloric acid solution as the stripping agents. With 0.5 M sulfuric acid solution, 71.1 and
94 .4 % stripping was achievedfor nickel and cobalt, respectively, in onebatch operation. The
% stripping was 81.0 and 99.6 % for nickel and cobalt, r espectively, with 1 M hydrochloric
acid solution. However, smooth phase disengagement was not obser ved in both cases, this being
the most serious drawback for this synergistic mixture.

Taking into consider ation of the low content of nickel in the feed solution and poor phase
d sengagement of the above- mentioned syner gistic mixtures, we switched the straegy of the
recovery of nickel from solvent extraction te adsorption using chelating resin with the same
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Fig. 9 Extraction of nickel, cobalt and aluminum from dilute sulfuric acid solution with the
syner gistic mixture consisting of 50 mM TDPA and 100 mM DNNSA. Shakingtime = 20 h.
[Ni] =[Co]l =2.5 mM, [Al] = 18,6 mM.
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Fig. 10 Relationship between % adsor ption of various metal ions on Dowex XFS 41985 resin
from sulfuric acid solution and hydrogen ion concentration.

functional groups of bispicolylamine {Dowex XFS 4195).

Figure 10 shows ther el aionship between % adsor ption of various metals including nickel and
auminum on the resin and logarithm of reciprocal of hydrogen ion concentration; from this
figure, nickel is selectively and strongly adsorbed at low pH while only small or negligible
amount of aluminum is adsorbed on this resin. Based on the batchwise experimental daa,

_23_



br eakthr cugh followed by elution tests were carried out by using a column packed with this
resin.

! 3000
10000 1200
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0 200 400
"y 0 20 40 &0

B.V

Fig. 11 Breakthrough profile of nickel and aluminum from the column packed with Dowex XFS
4195 resin. Feed concentration, Ni: 200 ppm, Al: 12000 ppm. pH = 1.95.

Fig. 12 Elution profile of nickel and atuminum fr om the | caded column with 0.5 M sulfuric acid
solution.

Figure 11 shows the breakthr ough profile of aluminum and nickel when the dilute sulfuric
acid feed solution containing 200 ppm nickel and 12000 ppm aluminum a pH- 1.95 was fed to
the colum packed with 0.5 gresin at the feedrate 3.8 ml/h. Asseen from thisfigure, nickel is
retainedin the column until about 70 B.V. while aluminum is immediately brokenthr ough j ust
gter the initiation of the feed Figure 12 shows the elution praofile of both metals from the
loaded column with 0.5 M sulfuric acid solution. It is evident that nickel is eluted after
concentr ated greater than 18 times of the feed solution while only negligible amount of
aluminum is eluted.

Conclusion

From the exper imental r esults mentioned above, thefoll owing solvent axtr action incor por ated
with adsorption process is recommended for the separation and recovery of molybdenum,
vanadium, nickel and cobalt from total dissolution liquor of spent HDS catalyst.
1. Molybdenum should be solvent exir acted with PC- B8A together with vanadium for a short
contact time; the former is siripped with aqueous ammonium solution after scr ubbingthe latter
together with small amount of coextracted aluminum. Thevanadium is again sotvent extracted
also with PC-88A from the scrub saolution and stripped with sulfuric acid solution.
2. From the raffinate after the extraction of molybdenum and vanadium, cobalt should be solvent
extracted with synergistic mixture of PC-88A in combination with LIX 63. Subsequently,
nickel should be r ecover ed by passing the r affinate thr cough the column packed with Dowex XFS
4195 resin.
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Characterization of Unburned Carbon from Fly Ash 1: SEM Study

Korea Institute of Geology, Mining & Materials D. S KiI'
Korea Institute of Geology, Mining & Materials J. L Yang
Konyang University Y. ¥ Ahn

1L Mg

Agrsel AL g FHel wolRA Hes] F nAE(Fly Ash)e] 544 e G771 go) A8 4
olt}, 53] g9l Ao AFEAT ANE EA U, E3AZAN K3 mdehie] @Fe] FEr-E &
e @44 ) sEgAsdA AEET vk 4L magkaie] BE 5 ~ 8%dAM BAT 12% 7l
#HiH0) s}, ol2jd wgddkiiel oI XA HA9t= oA wind A, o nlddiile] NG E 94F
£2 o HYFE HA sAY, $8E YRy AAsE e dyve] F2 ARy gl

¢ B33 A9 ey AZFE T Eopoldd FTHEF)ANME S REGTAE FFELE vdd wAE
& 1% o3z W3 A3 AAr|es A, AAY HE3FE A48 14982 Ausle d4F 31 4 A
t} o] AN WA vidgs o] F £3 FAG ¢ glo], HAT JEEA U] 27H U EE )
& g4 98B AMHERE Ao A A& AEE whdeldh Iy, olRTE o) udeAiiY B EA4E
FAE, $x %= 497 &4 AE Agdd o FAE Y ¢ A, ATY A4S B B8
AHe8 = ieel# 7k

B gpeae FAbAAEAY A(Scanning Eleciron Microscopy, SEM)ZF oflu=] 248 83247 (Energy
Dispersive X-ray Spectrometer, EDX)E AH33te] mjdd L @4ie] Eoo] 29 oz g4as) Redx] ¢gx gl
E ey HA479 g 9 s 248 BAE6 ol e dads doz e AA & Yt
magiEe] A g FRTFEE o4 AFLE A 71z An2 AFE Aotk

2. 4894

FTAAAT 2N ALE FHAAHE Ao FdYez Aoy nadghds AR 10T A28
ot fAzg AEE 6719 A4 =rive] wroel B3, Al 00014 T00THAR EEF &3 A dAdAS
10C 4oz £ng &9, ZZhe 2ndA ALY dx=sta, Aeg ¢ AN A7z Al o
% e 224¢ 13] o 9439 Y& A|2E SEME ABE 9 AHEE SEME JeolHe} JSM640001L, 7}
£ NKVE F5th X FE4o Alge EDXE SEMY H-3¥ FAZ  Noranrte] Series [[2EE A
Fa T
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ARE Y9 doly] 24 5 2 BE7 iy O A0R EEn. HesE XEIY EFeled g
5 A7} vk, ditEe] FHe2 B4 A dF%d EHH YA, @ U Y Rgen A
Stk @29 dAs oy #om FAA e T2 Y, Fg 194 He ubs} o] @i @it @Ale) o]
Eol7t glnk. eldlel s =) 2o 37 gage) sl BAR =2 YHY Ax ST

B0 FATEE AL ZE A9} Fig. 2904 BE uig} go] viejazulg ojgte A& 71¥e] 4 2w, A
38 BA72E 2uds ALE BRHYG. GANE wodd g2 A A0CHAE ¢Ed d2d AR
FAHE F2E BQch e 50T GHHT AR AS vAIFY B 27 Foid mgeR @
&7 A, 600T oldlM M8 NadME g2 9 A 94, B8, 837 F2 FAHUG
BT ol GAY ARANE AW 2L ARA, EDXRY 2o, dadon FHE E0|7](flake) ¥
4 v YA FF LA

Fig, 1. SEM micrograph of an unbumed carbon  Fig. 2. SEM micrograph of surface structure
particle including ashes. of an unburned carbon particle.

4 38

ol gaRe] FRy] Fus ANNoE 3T i(ckes)dl FHEL 209 W FAF FEE YT P
71EE 23 Y Aoz wAHICh SEMAA BRE 11§ A7E Um olFtA T E £4 m] o]2AAA G
P} daiol gule HdsE XIS 5o EdolEs HAY RRPReR FHY §A7 F8 AU,
@it X8E Feo|Ay dil mgon AU

waitd g ua FE2E BRY TR 2t Ao daEith was g4 dAee] #e 5 £
7t Bsolele AL 0|59 A7 Fdd A BREF 4t HAA Y AYE #Ad o & 5
g}, 60T ol ARG AN &5 §a 240l FAT 22 o7 P9 @igArt AxHA &
2 AAF 238 33 e $EEUN

1. D. Hays, J. W. Patrick and A. Walker, Fuel 62, 1079 (1984)
2. Z. Qian, D. E. Clarke and F. Marsh, Fuel 62, 1084 (1584)
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Characterization of Unburned Carbon from Fly Ash II : Physicochemical Properties

Konyang University Y. K Ahn'
Korea Institte of Geology, Mining & Materials J. L Yang
Korea Institute of Geology, Mining & Materials  S. K. Hwang

L A&

AN ZRE N, 094 gAR ALEE A 71x ¢7E, @AY AxH RS E4sg of
v of HAgLEo) GFH A7}9] VTS 2 T4 EAYe] € A" A wEAl] o) &8 tiF st
4ol AAENY. & ATFdAME ol # @4 #e| e AE W U U1 e 548 ¥4
B2 goz ddiie] AELd ad 712U 84 ARG AT, 1 €49 T9E A i

HEY EF0l 3 A ¢ Q& TAY BAY W ME9AS BETYLE 3330 osjd 33EE F
Q24 2 SiEe FHEHDL Ae MY HFEY L 3T FF LU 23 vdiE e €3
T4 4 Y PEA 229 geikg B 98 GFREYY SEAY M F9He Big g,

2 29

EFRAE FAHT] 98 AR 1Y geEuALdA WEE A0, 49 dyRaljdMe e APz Hx
2 gAzEE) 110CAA Azd AR 300, 40, 550TA dadd ABE T7TKeA dAAF FI3ANH 739
7% FVHE FASHE BETHE AHEsinh Aedd #iso] e HEE 2437 98 g8 Aze
ASTMe e} 9= dge} w3246 3R BAA¢ 28 Ao ezl 28g dgin) 389 ey
& EHZCHERENES oIS Bad TUENE LECOMS TGAOIRGS R8st HLRe 447
AeE AN 25T TR, AEL 85 TN 2Nt EXEe Itk FALES KS M 18026 AAlg
g4ve 3ALE Ay ot SAANY EFHEA AYdME 10THA Azxd ARE AMSde 89T
/min® 2 £ 100T7A SHdAN 433

3 234 4 37

nle4 giFe YT A7(median vale)e o 9mzZ & @l & o] ol =7171A heksiA BAE g
E Aoz YedthFig. ). 24 FXo) o¢ BET E94 24489 23, A:2d B2 ¥AF 105 mygdl,
B zuAr13e] 3717 63AC @xEe] X7 F24E HRHLE 1§ oA 3, 2uQv]FL Fepals Re
2 vehgd), 2y Fig 28 29 50T B2& AHez 1 ol4e] Exdi il ¥RFe oA n, 7132 A
A Ao YEsith TGA/DTAEA 435 1@3) £ o 40T SAHAMEE Alg9] 31ge] AX=H], ol o]
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Fig. 1. The size distribution of unbumed carbon Fig. 2. The effect of heat treatment on surface area.
particles,

Table 1. Physicochemical properties of unhurned carbons

Volatile | 1 Fixed | Density | Size (‘hermical Composition of Ash (wt. %)
Material (wt. %) Carbon: | (filling wp) | {median)
wt %) | | ot % | (oo () Si0r | AbOy | Fely | GO | KO
1 27 5 0428 % 63 2 21 24 07
1

olabe] SEAAEEE walty ARy Qadbar v dEgr] AdEE les B 4 Slth

Was BARe] FfaT = HEE oF 21%E usked ol N fove] dad wAdE I8y #
Bl o] ol BE wkoltk BlEe] sah EAIE A} Sipe] 2L ¢ 1 28 B|E, o] F Yas] ks
Zo] AA e 902 ojE AAFTHTable 1),

4 2E

B2 BEuazely WEE AT A5 dds BAEe 084
04Bgfocl ALHA shod], BaRd) hd ARe dlde 2%

ol ENA7]EE d2A] SAF G2 FAsle e AoR AlEgck o
A Hw, AAE §A 5 e 2T FAA Hol BET £940] Flehe A0 FAHM. A
93 163 m/ge 40T FANF AmolA] Doigem, o G of £ ooz A Y VAL 7]
FF27k ANEA A BET BB & %estil wrk

ok oox
D
fu
o
lis
A
=
fa
ae
i)
[
&
=2
P
4

(1] 2ohd, F3Y, daf, sadaidel st A 103 shadiiy) 1997)
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Table 1. Chemical composition of mixed dust and binder for cold bonded pellet.
T.Fe Ca0 Sio2 MgO Al203 S ! C

Mixed dust 42 .9 3.4 5.3 1.5 1.4 0.28 19.6

OPC 2.2 60.6 20.6 3.5 5.3 1.15 -

HEC 2.2 60.8 18.0 2.8 4.8 1,88 -

BF slag 0.9 41.8 32.7 6.6 12.8 a,89 -
3. &N Y nE

=T _&oMEFe| Y - AN Hoiek= E%AI“JEP_] 75% DIRIZ HIZESIE 2F 4,000 cm2/gRl £THE CH

HISKAS T ATHAIZH0 [ME R0 AT HSE Fig.? 0 LIEERERICH B2EARIER] 50% MRS IR
CHXIDIOY &Jtet "3l2 Jeiol BEHN At %EEE(OPGHEC 8%: 2%) 2 HIZBH ZA0 HISIY 7Y OILKel =
7| 2oE oEE KUSLE <F 218 RO 2= WSE =0 ==2oIU0E 224l CHEIBIDT 75%21 &
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Fig.1.Compression strength Fig.2.Compression strangth Fig.3.0perational results.
vs. slag addition. vs. alkali activator.
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1] 2ZIEl=S, X=s8 Ololl  POSCO §i7iE, 8{1986)2, 185
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Fig. 1 Schematic diagram of a bench Fig. 2 The heat exchanger and
scale drying system. evaporator of drying system.

Bench Scale @& £7AXFAE Hodeo] 5 Hialy dudrs i5o BE 755
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(a) Size distribution of raw (h) Size distribution of the
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Fig. 3 Size distribution of the particle collected in
a continuous and Instantaneous vacuum drying svstem.
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Table 1. Chemical composition of lime- Table 2. Result of sinter pot test with lime-
stone and sludges. stone slurries(Slurry density 20%x).
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50 3 a8 T
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28404 4 FAgEgle] A 8F A ?“%ﬂ A EE ol 7?”%5’ gt

1) ﬁiﬁ%&ﬁ(ﬁe) RS E MEsnA HEE Ao HET, (F)AHMS, 96,10
2) HsE A CBRBRE XS IR Y A LR, CAMP-ISII, Vol.7, 1994, 1048
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Table. Chemical composition of STS Dust (Average, Standard Deviation)

Si02 | CaO [AI203] MgO | MnO | Cr203 | T-Fe |P205] NiO | ZnO |
AVG | 455 |19.75 | 057 | 4.14 | 3.36 | 16.82 | 26.79 | 0.04 | 257 | 3.42 |
STD | 045 444 005/ 082| 035 | 1.61| 1791001077 | 056
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