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Abstract

Approach to hydrogen production through sulfide ores smelting

has been discussed and a few comments on the treatment of sulfide

ores based on the production and use of hydrogen have been made.

It would be safe to say that future developments in the field

of hydrogen technology may possibly bring about a revolution in the

field of metal extraction as we now know it. These developments may

»

in fact, cotribute to the fundamental solution of both energy and

enviromental pollution problems. With this in mind, there should be

no reason to wait for the emergence of a method for producing low—

cost hydrogen.
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TiO, +2C=Ti+2CO
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Table 1 Reactions Producing Hydrogen by Using Intermediates

or By-Products from Sulfide Smelting

1. Ferrous Compounds. . H,S gas
1) 3FeCly(s) + 4H,0(g) = Fey0,+ 6HCI(g) + H, 1) 4H,0 + H,8 = 4H, + H,80,
2) 3FeO + H,0(g) = Fe,O,+ H, 2) 8HBr = 4Hy+ 4Bry (Electrolysis)
3) 3Fe(OH), = Fe,0,+ 2H,0(g) + H; Br,+ H,S = 2HBr + §°
4) 3FeS +101,0(g) = Fe,O,+ 3S0; + 10H, 4H,0+ 8" + 3Br,= 6HBr + H,50,
2) S +0:=H + 80, ’
1. SO; Gas 2a) M+ H,S=MS +H;
1) 2H,0 + SO, = H,S0,+ H; (Electrolysis) MS + O, =M+ SO,
2) MO + SO; + H,0 = MSO, + H, (M: Ag, Pb, Cu)
3) HyS =H+ 1 S(g)
| A a) Fey0,+ 6HCI + H,8 = 3FeCly+ 4H,0+ §°
1) 4H,0+ 8" = 3H,+ H,;S0, 3FeCly(s) + 4H,0(g) = Fe,O,+ 6 HCI + I,
a) 6HI = 3H,+ 31, b) M+1LS =MS +H,
31,4+ 6HO + 350, = 6HI + 3H,50, MS=M+—;—S,(5)
2H,80,+ §* = 2H,0 + 380, €) My Sy + 2HS =M, Sy, + zH,

6HBr = 3H,+ 3Bry(Electrolysis) sty+z=sty+ zS*
3Br,+ 4H,0 + 8° = 6HBr + H,S0O,

b

s



Fe(ID it &M kFE

FeCLOBRMAS BRSO AS~DH A

MALEBHCOFeCl, DASARARL LTk, TRRKICE I FeCly, £ iz CuCl,
X B OB B 5, 2D

CuFeS, +3FeCly (aq. )=CuCl+4FeCl, +28°
CuFeS +3CuCl, (aq. )=4CuCl+FeCl, +2S°
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Jilich Process
MO+S0, +H, 0=MSO, +H,

MSO, =MO+S0, + 70,

H,0=H, +70,
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MSO, +H, =MO+S 0, +H, 0(g)

SO, +3H, =H, S+ 2H,0(
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FE SO, X, BLALEMH,S KEDLZETIEE bRV, LL, BLHOAERY 25
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Fig. 1 Effect of S content in FeSy,, on hydrogea
evolution for the FeS-H,0 reaction at 1100 K.
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Fig. 2 Effect of Ca0 on hydrogen evolution for the
FeS-H0 reaction at various temperatures.

A: 990 K (2Ca0+FeS), @: 1084 K (CaO+FeS),
O: 976 X {CaOtFe5), A: 779 K (CaOtFes)
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Fig. 3 Effegt of temperature on hydrogen evolution
during thermal decomposition of ferrous hydroxide.
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Fig. 4 Conversion of H,S into H; vs reaction
. time plot for the reaction of molten Pb
containing Ni or Cu with H;S, compared
bubbling with soft blowing at the surface.
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Fig. 5 Sulfur-oxygen potential diagram for Pb-S-0, system
at 680°C.
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Fig. 8  Hydrogen concentration curves obtained
from repetition of the cycle using sulfuri-
zation of NizS; with H,S and the subsequent
thermal decomposition of the resulting NiS.

HIBBONI, S, O TREBREOKRSEBONG B, +1 7 e KREBER B
Lfco BRI 800 CTORHRNC, —RAEZET, BRARGBEERRE L, RS
BhDZLitLdo ZDk®, TAHITBREEAT 2 ARV THEN LA, Fig. 9
F40wt% Al Oy FIMBEORKEREB I, “mELUEE A —DKRERESH ©RL,
YA I AGORFREDETEBLETEB 2B bh o,

i ﬁ\k

= 80 5

)

2z

z 60

=

é NisSy v Aly05

& 40T 1073 K r.p.decomo:

g 82? K sulfurization

o~

= -0 1st O 3rd

2nd v 4th

. l
0 2 60 80

0 40
TIME (minyte)

Pig. 9 Change in hydrogen concentratfon with
reaction time for the cyclic experiments in
the presence of alumina.
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Table 2 Survey of the effective conditions for thermochemical
splitting of HZS by using kieselguhr briquettes cont-
aining finely dispersed nickel sulfide.

Conditions for the Reactions

. Thermal Decomposition Sulfurization
1) Temperature : ' soo0°c ' 500°C
2) Duration of reaction : 60 =in 60 min
3) Pressure : 0.3 kPa 101 kPa
4) Space Velocityv : 28 ( Ar leak ) 38 ( H,5 )
Briquettes
1) Ni Content : 43,1 we-2

2 Capacity for Hz Production : 27.71 1 Hzl kg hr Briquettes

Product Gas
1) Average H, Concentration : 78.0 vol-X

BontBERKEBLIUHENTZEEC, HESRHE & L TRICREORE & £ R ORHIK;
OHBAOEZEEET, »oERREORMELTECANZVEL T, AFETOEY
EOWEMBEL KD, 1molHy /hr BVORBILELBHAERFig. 10 KRT LS
I297.6kecal L3, EMAKEOBMMEL L TH, 0@ 1 mol %D D4R, Fiddl
BlR=fA¥—%LdL, BPRIZNENE5IPBLTE56% LD,

Mass Bolonce Heot Balance
Ar 0.852 -nl/hx—l __]
Sulfur Produtder Ar  Qy= 3,278 cal |} Temperature
RiS  5.939 mol Hi5 Q= 27,094 cal 800°C
Sulf B -
510, 4.495 mol e ear $10: Q= 21,938 cal | Preseure Qs = 31,275 cal

Ky$ 1.277 mol/hr

Qe = 7,492 cal

- Sulfur 1 sol/hr

Hydrogen Producer . |Texmperature

NiS  2.939 mol 500°

%1,5; 1.000 mol Hydrogen Sulfide Ha$ Qu= 3,438 cal 0 Lure .

510, 4.495 wmol Separator 101 kPa Q= 1,060 cal

H,8
0,277 mol/hr
Hs 1 mol/hr -
Qoral ~97,611 cal

Ny m8BUUQ . 0 =594 X . n, 867/0, =561 2

Fig. 10 Moss ond heot bolonce for the cyclic reoctions using kleselguhr briauettes
with finely dispersed nickel sulfide. ( Hydrogen production Is 1 mol / hr )
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Fig.11 Change in the curves of hydrogen concentration
vs reaction time with cyclic experiments.

TVl o FNHORBE TR L ZA, BOE -G L TW It = v 7 A 2%, flEic
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Fig.1l2 Cross section of a kieselguhr briquette.
Photograph shows segregation of nickel

sulfide. ( Nickel sulfide has the lighter
appearance )
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Ni /Cr E¥Hk105HAR >V TOoRBRE R Ihid, FULBE»350C LEW
I E AT PHVKEREZS 252 LS, Cr,S,i@Niy, S, LH, SHoRIGKE
FHLTELWESLIER2E 2 28B4 5, (Fig 13)
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Fig., 13 Variation of Hz concentration curves with sulfurization tempera-
ture. ( Ni/Cr atomic ratlo In a briquette is 1 )

FRE>»Tik, Ni —Cr—SRoERLHELT, Cr, S, BONiCr, S, DFELH

mantws? znig, Cry Sy BMT 5 &, Ni 0 —HANiCr, SICED I LHHERE
ENhb, TDRWNICLS, ¥ BHL, TOKFEREBLFA LIS, 300CTHRE
#1780 KKRBEFBH S, AIEONT /Cr FTH 10 LRk, KR ToOMbs

A EERR

100

Enizo (Fig 14)

T
N1/Cr =172 ]
r.o. decomposition:800°C

Hp CONCENTRATION (vol-1)

ot |

Fig.1

10 1) ) 20
TIME (minute)

100

100

1
M/Cr=172 |

r.p. decomposition:800°C

(1)

40

Hy CONCENTRATION (Vol-X)

|
Sulfurization
0500°C

10 40 60 10
TIME (mlnute)

100

4 Variation of H, concentration curves with sulfurization tempera-
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Fig.1l5 Comparison of H2 concentration curves for the Ni-Cr-S Briquettes and

the Ni sulfide - kieselguhr briquettes.

Table 3 Survey of the effective conditions for thermochemical
splitting of Hgs by using nickel sulfide briquettes

containing chrfmium sulfide. ( Ni/Cr=1 )

Conditions for the Reactions

Thermal decomposition Sulfurization
1) Temperature : 800°cC 400°C
2) Duration of Reaction : 60 min 60 min
3) Pressure : 0.5 kPa 101 kPa
4) Space Velocity : 25 ( Ar leak ) 38 ( H,§ )
Briguettes .
1) Ni Content : 27.2 wt-2%
2) Capacity for Hz Production : 22.2 lnzlkg hr Briquettes
Product Gas
1) Average H2 Concentration : 86.2 vol-X

¥ A RBRBE L Table3il 2 HTH TR, HERLEER 400 CTH 100 CE
<Y, MATFHRRRESD 86.2%LP8%LRAL, 7V ¥ toFEHKEL Cr,S,
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