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ABSTRACT

KEYWORDS

Thetrueissues of organizations are situated now in their capacity of facing Qil;

industrial risks and unexpected events due to their activities. Hydrogen
sulfide H,S, isahighly toxic gasand avery aromatic chemical. This chemi-
cal species is especialy produced by some industrial activities such as
paper industriesand oil refineries. The methodsto eliminate them are burn-

Hydrogen sulfide;
Stripping;
Oxidation;

Active carbon.

ing treatment and stripping in a filling tower. The disadvantage of this
treatment plant istheimportance of corrosion of itsmetalsby H,S. The goal
of our study is to bring alternatives in order to set up a new treatment
process able to drain acid waters of condensates from the source. The tests
of desulfurization by concentrated sulfuric acid combined to airing have
generally given good results with a treatment yield that can reach 99%.
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INTRODUCTION

Bad smellsare more and more considerate by in-
dustrialized countries. When wethink about paper in-
dustry plants, il refineriesand water treatment plants
weoften link these activitiesto bad smell problems.
This problematic, that used to be solved by simple
means such asisol ation of odor sources, isnow taking
ascal ethat can sometimes be negative for economic
devel opment of awholeactivity. Thearomatic compo-
nents can be organic or inorganic. Among the most fre-
quently encountered mol ecul es, we have hydrogen sul-
fide. This chemica hasavery bad smell and an ex-
tremely low detectionlevel i.e. 0.01 ppm according to
LeCloirec (1991)1. In addition, hydrogen sulfideis
highly toxic and corrosive?.

Petroleum fragmentscontainimpuritiesresponsble

of pollutionand corrosion. Theseimpuritiesare present
invariablequantity and indifferent formsdependingon
theoriginof crudeail, themast important polluting ele-
ment issulfur. Theother impuritiessuch asnitrogen and
metalscan beharmful. The sulfur content of crudeoil
fluctuates between 1.8%to 2.6% and tendsto increase
depending on the current market behavior. Conden-
sate dtripingintheoil refinery processisthe pre-treat-
ment operation which happen beforetherecycding step
and it goesto the desdinateunit or the STER. Thisop-
erationisnecessary because condensates arevery con-
centratedinNH, (+) and H,S. Thistreatment allows
eliminating some hydrogen sulfidesand ammoniagas
NH_

§I'heoxi dation of hydrogen sulfideisreaed totem-
perature, pH and ionicforce. Moreover, oxidationrates
arehigher thanin seawater thanin air saturated wa-
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Figurel: Sripingunitinan oil refinery

ter, Inwell ventilated water, hydrogen sulfideisoxi-
dized into sulfates or el ementary sulfur by naturally
present biological systems®.

Sulfides can aso chemically react with dissolved
oxygen, but inthiscasewethink that itisaslow and
complex processwhich generates severd kindsof prod-
uctsincluding thiosulfate, sulfiteand sulfate®. Oxida

Hydcarhures récupérésvers
Retraitrment

I Décameur sur séparateur : £

157

—===0 Yrgent Commaumnication

tion concernsthesulfidesthat areinitidly presentinacid
condensates of the oil refinery, under the form of
NH,SH in couplewithlow concentrationsof (NH,), S
and NH... Thisoxidation isexecutablefor concentra-
tion of & from 30to 300 mg/l. Theoxidation speedis
maximum between pH 7 and pH 8.5, it ensuresthe
oxidation at thethiosulfate S,0, > stage!™.

AIM OF SULFURESTREATMENT

After severa problemsconcerning acid conden-
satesthat arevery toxic and very smelly and that are
linked to theactivity of ail refineries, the decisionsthat
havebeentakenin order to diminatetheseeffluentsare
evaporation-incineration trestment or striping by afill-
ing tower. Themain disadvantage of thistrestment plant
isthehigh corrosion of itsmetasby (H,S).

Thisstudy aimsto bring additiona solutionsinor-
der to set up atreatment process able to drain acid
watersfrom the sources and acting at theorigin of the
pollution, in order to maximizethereduction of sulfide
concentration in these acid waters beforetheir trans-
portation to thewaste water trestment plant. Indeed, a

w
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Figure2: Schemeof the STEP: Wastewater treatment plant of theail refinery of Sidi Kacem (M orocco). (x 8 pcn)
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H.S concentration superior to Img/l isvery problem-
aticat thelevel of thebiologicd ventilated pool of the
STEP: it may causetheintoxication of microorganisms
that areuseful for the degradation of organic pollutants
of thispool. (Figure2)

MATERIALSAND METHODS

Thesamplesof condensatesthat werestudied have
been analyzed before and after treatment in order to
check theefficiency of the studied technology. This
one has been carried out at the laboratory in an open
bucher at atmospheric pressure, placed in the bottom
of compressed air supplier. Without the catalyst, the
reaction isslow but it would involve production of
polysulfideof whichtheoxidationisfast. Sulfurisless
el ectronegativethan oxygen, so only alkaine sulfides
and alkaline earth metal sand other transition metals
would beionic. Thedetermination of hydrogen sulfide
is realized by iodometric method following the
Rodier’s method®: It isasimplevolumetric titration
of sulfidesby iodinewith presenceof starch. By using
the material of thelaboratory of quality assessment
and environment of theail refinery, wedecided to study
several methods to process acid condensates and
among them the one using oxidation by sulfuric acid,
with and/or without airing. Initial conditionsof al the
experimentsarestablei.e.:

Temperature and pH of the samples (250 ml) are
respectively inaverageof 27°C and 8.4. The iodine
normality is0.456 N and theinitia hydrogen sulfide
concentration inthesamplesis 1185.60 mg/l. Finaly,
each experimental value represents the average of
threetests.

RESULTS

Treatment of [H,S] by concentrated H,SO,

The TABLE 1 and the figure 3, allow to seethe
evolution of hydrogen sulfidein function of pH withan-
other strong acid; thesulfuric acid (102M). Thetreat-
ment of H,Sisimportant withH,SO,. Indeed, at pH 8,
weobtain H,SO,, thefollowing % of abatement of H,S:
15%. The same thing for pH 5.5, these percentages
are around 73%. With apH of 2.5, the treatment is
amogt total, it reaches 94%.
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TABLE 1: Treatment yield of [H,S] in function of pH, con-
trolled by concentrated H,SO,.

Adding of [H2S] Abatement % of
(H2S04) mg/| [HoS]
pH =84 1185,60 0
pH =80 1003,20 15,38
pH=75 866,40 26,92
pH=7,0 729,60 38,46
pH =6,7 456,00 61,53
pH=59 410,40 65,38
pH =53 319,20 73,07
pH =45 296,40 75,00
pH=34 228,00 80,76
pH=3,0 136,80 88,46
pH=25 68,40 94,23
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Figure3: Evolution of [H2S] in function of pH (concentrated
+H2S04).

Treatment of [H,S] by airing and by concentrated
H2SO,

By using thistime concentrated aceticacid (102M)
and wefollow theevol ution of the concentration of sul-
fidesin function of pH, by soaking the solution of air
oxygen during 30 minutes, thefigure4 andthe TABLE
2 show theseresults. Wenotethat airing hasonceagain
animportant role on theimprovement of the desulfur-
ization. Itisamost total at pH 2.5.
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Figure4: Evolution of [H,S] in function of airing and pH
(concentrated+ H2S04).
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TABLE 2: Treatment yield of [H_S] in function of airingand
pH, controlled by concentrated H,SO,.

Adding of (H2S04) [H29] Abatement % of
with Airing mg/| [H.9]
pH=8,4 1185,60 0
pH=8,0 852,72 28,07
pH=7,5 814,04 31,33
pH=7,0 597,70 49,58
pH=6,7 401,00 66,17
pH=5,9 260,50 78,02
pH=5,3 83,50 92,95
pH=4,5 40,70 96,56
pH=34 25,50 97,84
pH=3,0 10,50 99,11
pH=2,5 8,50 99,28
DISCUSSION

The pH of the sampleis aways between 8.8 to
9.4; tojudtify it, we have:
NH,OH +H,S=NH4SH +H20
NH,SH +NH,OH =(NH4)2S+H20
S2—+NH4+=NH3 + HS-
With pKaHS/S2—=13.1 and pKa NH4+ /NH3 =
9.1

p FH

| |
i 72 12.7 14

Figure5: Influenceof pH on theequilibrium of H2Sand its
dissolved forms, source: .

Attheequilibrium, wehave:
Kr = ([NH3] * [HS])*([H30+]) / ([S 2—] * [NH4+])*
([H30+])QQ
Kr =(1/10-13.1)* (10-9.1)
Kr=10-4 : So the solution is total and the quantity of
acid and itsconjugated base areequals, so: pH =pKa
=9.1.

Thisexplainstheakalinity of our solution.

Oxidation of H2Sby H2S04

Theincreasing of thedesulfurization capacity of the
acid waters solution that we have observedinthere-
aultsof theTABLES 1, 2and thefigures 3, 4isfunction
of theinitial concentrationwhich wasaround 1185.60
mg/l, isactualy dueto the oxidation degreeof sulfurin
presence of aoxidizing agent of astrong profilesuch as
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H2S04 (10-2M). Infact, we can havein these condi-
tionsof pH and temperaturethefollowing formsin so-
[ution: figures6and 7.

Themost probablereactionis:

H,SO, +3H,S— 4S+4H,0

Indeed:

Through oxidation, wecan switch from dihydrogen
aulfide, H2S, tosulfur, S, then to sulfate, SO42-. They
areoxidation formsof sulfur, presented on the poten-
tial-pH diagram of sulfur and its by-products. Wecan
obtain SO3? by sulfur oxidation, thanksto dioxygen,
O,: dry redox reaction. We switch from SO, to SO,*
only by changing the pH of the aqueous solution of sul-
fur dioxide SO,. Thethiosulfate anion, S2032- isun-
stableinanacid milieuandit break down itsdlf, par-
ticularly incolloida sulfur, S.

TheFrost diagramsinacid and dkainemilieufor
thesulfur systemare (involts)

AtpH=0

- 0,49 —— 5504

€41

0,14 0,50 0,88 0,08 0,57 0,22

S04
|
0,08 — 8,04* 0,51

Figure 6 : Frost diagrams in acid milieu at pH = 0 for the
sulfur system (in volts)

At pH =14

HS s HS,07 —— HoS0; —— 5,08 SO&

-0,66

-0,50 -0,74 -0,58 -0,93

L S S05% S05% S04*
Figure7 : Frost diagrams in alkaline milieu at pH = 14 for
thesulfur system (in volts)

We say that thethiosulfateion dismuteitself, be-
causeit appearsintwo different couples, asareducing
agent in one couple and as an oxidizing agent in the
other couple.

Thedismutation reaction of thethiosulfateionin
acidmilieuisadow transformation. The couplesare

S,0,% Set SO/SO, *
2- X =
8,05 (ag) + 6H (ag) * 4e = 28 + 3H0
2- _ + -
8,07 g * HP - 280, 0y * 2H g * 40
2- +
28,05 (ag) + 4H (ag) —> 28 + 280, (ag) + 2H,0

Figure8: The equation of the dismutation reaction of the
thiosulfateion
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We havethe halvereections:
H2S=S+H++2¢
SO2 +2H20 = S042- +4H+ + 26
H2S04 + H2S—» SO2+S+2H20 (A)

We have noticed that water was not clear in the
bucher at the pH=4 zone; the sulfur (asolid), in sus-
pension is water-insoluble, that is why the water is
cloudy. Theformed sulfur dioxide and the hydrogen
sulfidenot transformed yet are mixed in aqueous solu-
tion. Thesulfur isformedin suspension. Thechemica
equation that representsthe reaction between thetwo
gasesinagueoussolutionis:
2x (H2S=S+H++28)

SO2 +4H++4é=S +2H20
S02 (aq) +2H2S (ag) = 3S(s) + 2H20(1) (B)

Thesulfur atominH,Shasan oxidation number of
-2. Thisnumber becomes O whentheatom Sisinthe
solid sulfur. H atoms (hydrogen) do not changetheir
oxidation number. So the hydrogen sulfide has been
oxidized. Thesulfur aomin SO, hasan oxidation num-
ber of +4. Thisnumber becomeszerowhenthe Satom
isinthesolid sulfur.

O atoms (oxygen) do not changetheir oxidation
number. Thesulfur dioxidemoleculeshaveearned dec-
trons so they have been reduced when the two gases
mixed each other in aqueous sol ution.

H2S04 + 3H2S— 4S+4H20 (A) + (B)

Theairing benefitsto desulfuri zation with H2SO4
addingto H2S.

Our results comply with those of Hui Wang et a,
(2003)129, Their thermodynamicanaysisof thepossible
reactions between hydrogen sulfide and concentrated
sulfuric acid show that only two reactionsoccursduring
theexperimentsat 1 atm and between 0°C and 150°C.
H2S+H2S04=S+S02 +2H20
2H2S+ S02=3S+2H20

Asaconclusion, Sublette, et a, (1994)1*4, have
shown that in the case of hydrogen sulfidetreatment,
the sulfates concentration in the solution at a accept-
ablelevel for biodegradation, i.e. under 810 mg/l. Thus,
with avery strong oxidizing agent; suchas(H2S04 +
K2Cr207) wecan also have:
3H,S+13H,S0,+4K,Cr,0,=4K,SO,+4Cr,(SO,),+
16H,0

CONCLUSION

Theuseof acid watersfrom oil refineries conden-

Treatment of hydrogen sulfide enriched condensates by sulfuric acid
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satesislimited by the presence of sulfur componentsin-
sdethem. Theresultsof thisstudy demonstratethat the
useof agtrong oxidation combinedwithar oxygenaring
alowsacomplete oxidation of sulfideswhich arethen
present under theform of non-aromatic and lesstoxic
chemical speciesthanH_S. These processeshave aso
theadvantage of dlowing theimprovement of therecy-
cling potentid of clean condensatesby eliminating their
amdlsandtheir toxicitiesor ther trangport. Therecyding
processof clean condensatesor ther transport toawaste
water treatment plant or toanatura driptray dlowscu-
mulating environment protection and energy savings.
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