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ICHTISAR,

Air  Kau,ah ld jen ja,ng nengandung 600.000 ton belerang
(ban.dingkan dengan t jada'ng1an Indanesia sebanjak sedjuta ton)
te lah disel id ik i  mengenai  kemungkinan untuk d. ipakainja sebagai
bahan  men tah  i ndus t r i .

Meskipun sul latn ja 'dengan nt .ud,ah dapat d iperoleh dar i  larutan
asam jang ent jer  i tu sebagai  g ips,  te lah diusulkan untuk mengolah
terus zat  achir  in i  nendjadi  antmott iumsul lat  (2.4.) ,  jang merupa-
kan  bahan  pupuk  j ang  be rhuua .

Walaupun pengolahan Air  Kauah Id jen ternjuta mungkin
sekal i  dar i  sudut  teknologi ,  pcr lu d isel id ik i  pula kentungkinan
ntc letust t ja gunung api  tsb. ,  meskipun hdl  i tu te lah lnma t idtak ter-
djadi.

ABSTRACT.

Idjen Crater Lake l(ater eontainitng 600.000 to,n.t ol sullur 1) I)
(compare tota l  In 'donesia 'nsul lur  reserues ol  1 miLl iorn 162s 2;
has been inuest igated as to the fo.s.s ib i l i ty  o l  i ts  use as a: :n i rndustr ia l
raw mater ia l .

Al though sul late ann mo.st  conrrcnient ly  be recouered f rom the
di lute aeid solut io,n as gypsum, i t  is  adt 'antaceousl l '  suggesled to
canuert  the lat ter  into ammoni l t rn sul late,  t l t tus Fotont ia l ly  increasing
the pos.s ib i l i ty  of  fer t i l izer  produet ion in Indonesia.

A l loosheet h ias been proposed.
Al though processing the Lal ;e Woter seenrs to bc f  ca.r ib le f ront

a techmological  point  o l  z t ieu, ,  a possib l t :  danger of  Id jen Volcano
erupt ion,  houtet ,er  snnl l ,  shoul . t l  f i ,ot  be ouerLooked.

I. INTRODUCTION.

Idjen Crater Lake containing 36 mill ion cubic meter of acidic water is
situated 20 km birds fl ight distance North West of Banjuwangi, East Java
at an elevation of2l48 m above sea level.

The milky green colored lake water containing free sulfuric and hydro-
chloric acid has in the past drawn the attention of several investigators.

Van Tongeren 1) submiiicd a calculation according to which it should be
possible to recover from the lake water:

hydrochloric acid
gypsum
alum
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Muellcr 3) whose commission actually was to look for gypsum sources
for the cement industry, suggested the use of Idjen Crater Lake Water as a
raw material for gypsum production. ln an additional report {) he suggested
to broaden the scope of production and include the rnanufarctLrre of

plaster of paris

carbon dioxide
aluminum sulfate.

Muellers recommendation was based on thc assumption, that although
Idjen Volcano is sti l l  l isted to be active, in view of the volcanoes record of
quiescence s ince the last  major  erupt ion in  1817,  the r isk o l 'an erupt ion in
the near future may not be great. Furthennore it is estimated that a yearly
amount of 400.000 cubic meter of lake water can safely be withdrawn from
the lake, without an appreciable change of lake water composition, since
th is  is  cont inuously replenished.

In the following only technological aspccts wil l be considered and inves-
t igat ions made into the possib i l i ty  of  sLrggest ing the ac id ic  lakc water  as an
industr ia l  raw mater ia l .

I I .  ANALYSES AND POSSIBILITIES.

Extensive sampl ing of  the lake water  has f i rs t  been carr ied out  by Muel ler
who collected samples from 32 systematically selected points ranging from
7 to 127 meters below the lake surface (1957).
Average analyses showed the lbllowing components:

Soo"
c l '
A l  l . r l

p " ] - + ( r ' l  I )

C a J  t

Mgr - i -

N a F

K +

pH 0,11

s7.0 ell
r7.1 cll
5,08 g/l
1 ,58  g / l
0,94 gll
0,63 gll
1,05 g/ l
0,98 g/ l

Although it is recognized that the composition may vary from point to
point and from one season to another, which variation should be taken into

consideration in an eventual plant design, it can however be assumed that
no principal dcviation wil l occur, so that it was decided to carry out the

experiments with a synthetic mixture based on Muellers analysis.
From this free acid containing lake water sulfate, chloride and alum will

be taken in consideration for recoverv.
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l. Chloride.

Fron-r the acidic character of the lake water it can be expected that hydro-
chloric acid can be easily removed from the heated solution, since sulfuric
acid has a drecrezrsing effect on the solubil ity of HCL gas in water :).

A nrarimum gain of HCI can therefore be expected when lake water is

d i  rect ly  f ract ionnated.
The following is a typical disti l lation showing HCI yields in the various

fractions.

Table I

Fractionnation of 500 ml Idien Crater Lake Water.

Tcnrp. "C mg HCI

dist i l la te

(cumulat ive)

d is t i l la te
lo/u uct
I  tn

96.6 -

9C,.9 -

9 7 . 0  -

98.0 -

100
107
t  08 .5

96.9
97.O
98.0

r00.0
107
r08.5
il0
l l 0

0 - 4 0
40-  60
6 0 - 7 0
7 0 - 7 5
7 5 -  8 0
8 0 - 8 5
8 5 - 9 0
9 0 - 9 5

r .25
1.25
3.36
6.95

17.88
2140
4220
I 870

0 . 1 4
0.34

23.9
70.2
90.6

For recoveri ng 90.6o/u of the hydrochloric acid, 95o1/u of the solution has
to be disti l led in which most of the gas is collected in the final l5lu of dis-
t i l la te.

The HCI-  HrO vapor l iqu id equi l ibr ium diagram is  known to have a
nraxinruru boil ing point correspondrng with an azeotropic mixture consisting
of 2Oo/,,, HCl.

Recovery of  HCI not  only  requi res d is t i l la t ion of  the major  par t  of  the
Lake Water in acid resistant equipmerrt, but also a nraximnm strength of
20%) HCI only can be expected which compares unfavorably with the35o/"
of comnercial solutions.

It is doubtful whether dilute hydrochloric acid recovered in this way can
compete with concentrated acid from the electrolysis process, which for some
time to come will remain a relatively ,,cheapo' byproduct in lndonesiar, for
which the demand is sti l l  l imited 6).

Leaving hydrochloric acid in the solution moreover facilitates the re-
covery of sulfate as pure gypsum (see II.3).
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2. Alunr.

AlunrinLrm contcnts can theoretic:t l ly be recovered from the lake water
iLs a lunr  (potassiun.r  u luminum sul lh te)  or  a luminum sul fate.

Conrpared with commcrcial processes for the productiou of aluminum
sLrll l tc-, in which bauxite (53o/; AlrO.,) and 50'' 86 sulfuric acid are reacted
or the nranulactur ing of  a lunr ,  which star ts  f ronr  a lurn inunr  sul fate,  i t  should

bc c.bvious that cornparcd to it, lake watcr is a dilute and inrpure (Fe and Cl
conta in ing)  raw niatcr ia l ,  which f i rs t  o fa l l  needs concentrat ion in  expensive
acid res is tant  cqLr iprnent ,  t ' ina l ly  however y ie ld ing a product ,  which is  impure.

Al though i t  has bcen s l rown by Eimco ?)  that  a lunr inunrsul fate prodLrct ion
f l 'onr  lukc u,atc l  is  chenr ica l ly  feasib le,  i t  remains to be seen whcther  a lum
procluction clin econonrically be bascd on ldjcn Crater Lake Watcras a raw
rna tc r  i a l .

3. Sulfatc.

Id.jcn Cratcr Lake Watcr can probably best be regarded as a dilute sulfur
soLrrce, rvhich shor.rld bc concentratcd bcfore applying it as au industri ir l
raw nratcr iu l .

This  conccntrat ion stcp c i rn easi ly  be carr icd out  by adding crushed
l inrcstone to t l ic  ac id ic  lake water  at  atmospher ic  tenperature thus easi ly
yiclcling cypsum precipitatc (table 2), wlrich can be seperated from the bull<
of thc lake watcr and can bc regarded as a more concentrated raw n-raterial.

Whi le for  th is  concentrat ion step no fLre l  is  requi rcd,  th is  operat ion at
less acidity is anothcr tdvanta-Ee from the point of view of mtterials o[ con-
st ruct ion.

l las ica l l i '  thc lo l lowing rcact ion takcs p lace:

l-l::So,r (lakc watcr) | CaCO, f- I{jO--+CaSOn. 2 aq * CO,
Thc ilas cvolvcd providcs a stirring iLction, which is beneficial to thc

proccecl ing of  the rcact ion.

At  pH higher  than 3.0 s ide react ions rv i l l  occur ,  causing impur i t ies
to bc incorporatcd in the gypsunr precipitatc

Al3+ + 3H2C) -*> Al  (OH) l j  -1-  3H+
Fert+ ' i  3HrO --> Fe (OH),  - l -  3H+

so that an increased yield wil l necessarily imply a purity decrease of the fina
prod Lrct.

Conditions of gypsunt recovery have been described by Eimco 7) .
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I I I .  FURTHER UTILIZATION OF GYPSUM.

Although from the above, conversion of Idjen Crater Lake Water into
gypsum seems to be the only feasible possibil i ty, production of this inexpensive
commodity for direct consumption in the cement industry as suggested by
Mueller :) is not too attractive, if we bear in mind that a relatively substantial
investment wil l be required for this project. (a.o. a 25.000 meter acid resistant
pipe l ine from the crater lake to the plantsite).

Furthermore it is indicated by Mueller ) that due to the apparent absence
of l imestone deposits of good quality in the neighbourhood of Banjuwangi,
this should be procured from elsewhere (it is even suggested flom Gresik
area, to make use of the crushing facil i t ies of the cement plant) so that two
way transportation of bulky material (l imestone and gypsum) wil l be needed.

In vierv of the above, it is suggested here to process the gypsum further
into ammoniumsulfate according to the Merseburg process. Reasons for this
proposal  wi l l  be obvious f rom the fo l lowing react ions:

HzSO4 (lake water)-l-CaCO.1 HrO ---+ CaSOn.2 aq + COz
2 NH3 + CO2 + I l2O -->(NHr)rCO'

CaSOn.2 aq 1- (NHn)rCO. --+CaCO, + (Nl-I4)rSO{ +- 2H2O

*)
* * )

* * { < )

a).

b).

c) .

d)

e) .

+
H"SOr (lake water) l- 2NHB ---> (NHa)rSO,

The final product, ammoniumsulfate ts a ferti l izer, valuable in increasing
food production in Indonesia.

Since CaCO" is recycled, theoretically no l imestone wil l be required for
above process.

CO, evolved in the gypsum production (*), can be completely uti l ized
in the conversion into ferti l izer. ***)

CaCO, and gypsum are already in a fine state as precipitates, so that the
grinding operation normaly required, can be ornitted here. Furthermorc
increased reaction rates may be expected.

Above plant can eventually be regarded as an extension ofthe intended
Cresik fertilizer plant in which however the sulfate required can be
obtained from local sources (lake water). As such it can be suggested
to ship the required ammonia as liquid in tankcars frorn Gresik to the
the plant site.

Theoretical output.
If 400.000 rna of lake water per year containing 57g SOr/l iter wil l bc.
processed at90o/o yield, the ammoniumsulfate production wil l be:
132

-* x 0.90 x 400.000 x 57 kg: 28.000 tons per year.
96

f).
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In developing a process tbr thc tnrnufacture of amrnoniumsulfate from Lake

Water the attached flowsheet is suggcsted.

IV.  IN ' |ENDED PROCtsSS.

ldicn Clatcr Lukc Water is reltcted with a slurry of recycled prccipitated

CaCO., (plus ntakc up) in it Cyltsurrt Reoctor at rooln tempcrature.

l lsso4 l- CaCO, -l H2O --+ CaSOn.2 a q )- CO,

CO, gas cv<tlvcd is storcd and wil l be uscd with NH.l for making all lmoniunl

arbonir tc  so lut ion lor  thc Merscburg react ion.

The unclcrflow from the Cypsum Reactor is f i l tered, and the waste

l ic luor  d iscardcd.  The f i l tercd gypsum, which has a pur i ty  of  at  least  8So/o is

lbrwardccl to the McrsaliLtrg Reuc'lor, in which doublc decomposition takes

plac:  as fo l lows:

CrSOr.2aq I  (NH4) '?COr-- ->CaCO,,  I  (NH4) '?SO4

Thc fi l tered and washcd CaCO, is cycled back to the gypsum rcactor, while

thc ammonium sul fate solut ion f rccd f rom NH, and CO, by heat ing is  con-

centr t r tcc l  and crys la l l iscc l ,  f ina l ly  y ie ld ing dry ammoniumsul fatc  crysta ls

for  fcr t i l iz ing purpos3s.

In the flow diagrirm proposcd thc following wil l bc checked:

l .  Gyps t i r n  p rcPa l  a t i on :

Yie ld,  pur i ty  of  gypsum obta ined and amount  of  l imestone re-

qui red.

2. Washing of gypsum cake with Lake Water.

3.  Ammoniumsul fate preparat ion.  (Merseburg rc i tc t ion) '

a)  react ion condi t ions.

b) influence of impurit ies on yield.

4. Yicld and purity of gypslrm from impure CeCO,t

(possibit ity of recycling impurc Caco., from the Mcrscburg reac-

tor) '

V .  EXPERIMENTAL  PART.

l. Gypsum preparation.

Lake water is stirred with varying molar proportions of 20o/o caCo. slurry

at room ternperaturc, rcsulting in 71,5 -_ 93,Oofo yields with 95,0 --- 7g,Ooio

pur i ty  ( table 2) .

l 9
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Table l

Purity and Yield of Gypsum produced from and washed with Lake water.

Raw Mater ia l Product CaSOr, 2 aq lwaste I
]  L iquor  I

Washed Product
Wash
Liq

waste
Wash

l - r
Test I Lake
5o.  lWater

l"
"r.io I 

vr.ia
(So,  l (CaO
basi9 

] 
basis)

t l g

| '.. | _.i. I
I CuCo " I 

ratio I
I  .  

"  
i ca ,so. l

lo  l "  I

Yield

d

19.21

21.20

26.27

28.42

30.41

. o

Purity

ml .
Lake

Water

j

Yield

I

1 7 . 1 2

19.0

20.82

22.42

23.6s

o
Yield
t,''d

m

Reac-
l r on
a , l

o

. o

Purity

1 .

pH

_rio

pH

1
I .

2.

3 .

4 .

5.

2s0
2s0
250
250
250

80

90

r00

l l 0

120

95.0

94.5

87.  I

81.7

78.0

7 1 . 5

78.5

89.8

90.0

93.0

89.5

87.0

89.6
R ? S

77 .4

3.0

J . )

4.2

4 . 2

5 . 0

96.6

95.7

98.6

94.4

89.4

94.0

94.9

90.8

97.9

99.6

2.8

2.8

2.8

2 .8
) 1

1 1 . 8 9

I J . J  I

14.85

l  6 .35

t 7 . 8 4

22.1

24.8

81.2

105.0

149.0

1 .54

1 .38

1.24

1.205

1.205

0 . 1  3 6

0.1  36

0.403

0.505

0 . 7 1 6

1.676

1 . 5 1 6

1.643

1 .710

1.921

Note:

1. Prec. CaCOt (99,6lf) applied as 20o/o slurry - - b)
2. Reaction time 30 min., mixture stirred at 150 rpm.
3. Precipitate washed rvith 500 ml. disti l led water and dried at 60"c - d).
4. ,o/o Purity indicates CaSOr, 2aq. content in product - e).

(Al and Fe hydroxides independently determined).

S 5. Amount of SOr * Cl in wash liquid-j) equivalent with Al and Fe hydroxides in gypsun-r cakes.



Whether a high purity at low yield or low purity at high yield of product
wil l be preferred should be checked with results of the Merseburg reaction.

It should however be noted that
i) not all sr-rlfate from the lake water wil l be recovered.

ii) part of the caco. r-rsed wil l dissolve arnd wil l be wasted in the wastc l iquor
as CaClr .

i i i )  the product  wi l l  conta in impur i t ies of  Al  (OH). ,  anct  Fe(OFI) ,  which wi l l
bc precipitated under the conditions of the reaction.

2. Washing of gypsum cake.

In the above it is stated that thc gypsum precipitated in the reaction be-
tween lake water and caco, wil l contain Al and Fe hydroxides as impurit ies.
It is expected that these impurit ies rvil l  not dissolve in the ammoniumsulfate
reaction and so wil l be rcturned to the gypsum reactor together with the
precipated cacor. Any eventnal build Lrp as a result of this impurit ies recyclc
should however bc avoided.

washing of one of the cakes with Iake water as the logical acid available,
indicaties a washing time of 90 rninutcs to bc sufficient to dissolvethesreater
par t  of  the inrpur i tes (sce tablc  3) .

Table 3

Imptrrit ics dissolved in washing gypsum (purity 82ofr'1with 100/n cqui-
valent of Lake Watcr.

M inutes
Impuri t ies
gypsum

(dry basis)

.o./u impurit ies dissolvcd

from cake

0
l 0
10

60
90

100

r8 .0
t7 .4
9 . 8
8 . 9

5 .9
5 .86

0
3.4

45.6
50.6
67.2
67.2

Note: Gypsum cake as a l0o/r,, slurry is stired (300 rpm) with l00of, equivalent
of lake water, f i l tered and washed.

Based on the above, washing experiments of the impure gypsum from
the gypsum reactor with acidic lake water, to remove any undesirable high
content of hydroxides, (fron.r the various gypsum cakes obtained in V.l).
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have been carried out rvith a washing time of 90 minutes and l00o/o
eqr.rivalent of lake watcr and the results (acid consumption versus purity
obtained) tabled in table 2.

Total requirement of lake water needed for gypsum precipitation and
wasir ing has a lso been inc luded in th is  table.

Rcsults fromt able 2 indicate that purit ies of thc gypsum prccipitation from
lake water can sufficicntly be increased to 89|o and higher hy washing with
an equivalent  amount  of  lake watcr  at  a favourable y ie ld (9 l i l ,  and bet tcr ) .

3. Merseburg rcaction.

Anrrnoniunrsullatc is prcpared industrially l iorn gypsum or anhydrite with
NH,, and CO., gas uccording to the double deconrposition rcaction as follows.
CaSOn I  (NH,)2COr-- - ->(NH,r)zSO+ - l  CaCO, (Merseburg react ion)  8)

In the par t icu lar  condi t ion thc gypsunr rcqui red is  a l ready inaf ine state,  which.
necds a shor tcr  rcact ion t inrc i f  cornparcd to s imi lar  appl icat ions e lsewhcrc e)

a) Reaction time and temperaturc

Rcaction tirne required has bcen followcd at room and sornclvhat
clcvatcd tempcraturc in rcacting 201{, gypsum slurry at atmosphcric prcssurc
tv i th  an equivalent  amount  of  (NH.)z CO,,  so lut ion,  conta in ing cxccss NH.,
(NHr iCOz molar  rat io :  2,07) ,  rcsLr l t ing in  a l iquor  conta in ingl2,5of ,  (NFI4) ,

So*'
Table 4

()1, Conversion of gypsurn in thc Merscburg reaction

. CaSO, rcirctcd
convcrst()l l

CaSO,, init ial

T inre I t.n,n.: 26'C.
I Rut" gypsum ttsed

Tcmp. 37 - 38'C.
gypsum of t t7.051, pur i ty

68

80
82.5
88.5
94,8

5
1

l 0
l 5
20
30
35
60

120
95.2
95.2

84.5

90.8
9t.9
95.3
95.2

With 35 minutes reaction time at room temperature, a 95o/o yield is
obtained which is comparable to results obtained in industry r0)

b) Yield of (NHr), SOn from gypsum of variable purity.



Reacting Lake Water wih different quantities of CaCO, will result in a

gypsum precipitate of different purit ies (see table 2).

As these may have its effect on the Merseburg reaction, different gypsum

precipitates have been reacted with (NHn)zCO. as under a) during 35 minutes

at room temperature.

T'able 5

]{, convcrsion in Merseburg reaction, reacting gypsunt of variable purity.

Purity gypsum
o /
/o

o/u conversion

100
92.2
88
8 7 . 1
8-s
84.7
78

95.2
95.  I
95.0
95.2
9 .5 .1
92.0
92.1

Gypsurn of  85of ,  pur i ty  and bet ter  easi ly  resul ts  in  l95f{ ,  convcrs ion in to

ammoniumsr.rlfate, when the reaction is carried out at room tempcratttre du-

r ing 35 nr inutes.

4. Gypsum prepared from impure CaCOr.

Whcreas the experinrents in table 2 were carried out witlt pure CaCOr,

the question is raised whether Al and Fe hydroxidcs contuining impure CaCO,,

cln be used in the gypsum conversion in ordcr to krrow the recycling possi-

bil i t ies of CaCO, from the Merseburg reaction.

Table 6

Gypsum frorn irnpure CaCO,, sanrples.

Analysis of CaCO,
I t,"'o
I Cake

I rtu*

p H
waste
l iquor

100
91.4
87
78.8
74.6
67.2

6 .7
6.36
5.78
6.05
8.79

1 . 9
6.64

15.42
r  9 .35
24.01

10.54
I  1 . 0
t0.92
I  l . 0 l
i l .0
l  3 . l

87. l
87.0
86.8
86.6
86.4
73,8

8e.8
90.0
89.0
89.3
89.4
88.2

4 .2
4 .2
4.2
4.2
4 .2
4.4
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Note: Each sample containing 5.94 g pure CaCO, is reacted with equivalent
amoLrnt (100 rnl) of lake water during 30 minutes.

Conclusion: If l ime stone finally applied to the gypsum reactor (recycle *
rnake up) has ir purity of at least 74.60/0, gypsum of a fairly constant purity
(86 - 3794,) wil! be produced.

Since onlv p'rrit ies of 85o/u are required for a good conversion in the
Merseburg rcaction (V.3), above results give an indication that washing
of  the gypsum as d iscussed under V.2 is  superf luous.

Based on a gypsum feed to the Merseburg reactor of S6o/n purity, it can
be calculated thot l ime stonc make up for compensating losses in the waste
liquor from the gypsLrm reactor amounts to11.8or,'o with a minimum required
purity of 95 Ji, thus mirking the ammoniumsulfate manufacturing from Idjen
Crater Lake Watcr according to Merseburg with CaCO, to be recycled, a
feasiblc process.
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