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CBJECTIVE

T™e ohjectiv: of this thesis 1is the aralysic of. the
effects of cteam stripping contaminated Kr:ft condensates.
This will be accorp’ishe® by the systematic disiillation
of Kraf!{ effluent streams and t:e subseguent =znalysis of
the productc 'y gas chroma‘ography. The analysis will
concentrate cn the removal of odorous sulfur-cortizining
products. T is study will center on tiie recovery area
of the process with samples coming from ‘wc r.ltiple
effect evaporator systems and a concentrator. Wastz: heat
evaporator data will also be shown.

Tn addition, actual mill data will bec used t» show
the relative impcrtance of each stream, and the BOD contri-
bution of each to total BOD output. Included will be
cost, and process water considerations that =111 add to

the attractiveness of the stripping installation.




ABSTRAC?

The effects of steam stripping contaminafed Kraft
condensates were evaluated in relation to the removal of
odorous sulfur-containing compounds. The investigation
was carried out in a packed distillation column. The
mill streams investigated were multiple effect evaporator
condensates, waste heat evaporator condensates, and con-
centrator condensates.

Measured volumes of distillate were removed and
analyzed for chemical oxygen demand by oxidation, and for
component make-up by gas chromatography.

This study indicates that the use of steam strip-
ping not only reduces the amount of sulfur-containing
compounds, but reduces mill water requirements and the
BOD load placed on effluent treatment facilities.




BACKGROUND

Studies on the possibility of steam stripping Kraft
effluents were “egun in 1956 by Robert Whittaker.l1 Sinee
that time only three papers have been published directly
pertaining to the SEKOR process.!1, 15, 16

There is at present only one commercial installation
in operation in Sweden. Recently the government has
issued a grant to the Weyerhduser Company, Springfield,
Oregon, division for the installation of a full-scale
cclumn, _

The goals of the SEKOR process are: 1)the eiimin-
ation of Kraft odor by steam distillation, 2)the production
of significant amounts of hot, reusable process water, and
%Z)the recovery of malodorous sulfur, terpene, and alcohol
compounds for possible commercial sale.

The primary organic constituents of contaminated S
mill condensates are«-pinene, limonene, and<« -terpineol.
Figure 1 shows their solubility in water as a funetionm
of temperature. ?®rom this graph it can readily be seen
that at temperatures aporoximating the bciling point of
water, the combined solubility of these oilc is less than
.25 g/1. Near 100°C the solubilities of sulfur-containing
organics are also small. The compounds of interest in
the pulping process are: hydrogen sulfide, H?S: me thyl
mercaptin, CH,SK; dimethyl sulfide, (CHy),S; and dimethyl
disulfide, (CH,),S,.

By fractionally distilling contaminated mill effluent
streams, notably evaporator and blow gas condensates, the

virtual elimination of malodorous sulfur emissions froms

both stacks and settling ponds can be attained. Due i
to low solubility, these terpene oils and sulfur compounds e
will collect at the head of the stripping column. By ]  §
passing this distillate through a phase separator any Ty
carry-over water may be removed. The resultant liguid

is a heavy, terpene-sulfur rich oeil. v




‘ v
Because the distillation operates at temperatures

below the boiling point of water, low pres:ure steam 1is

a sufficien® hest source. An optimum feed-to-steam ratio
has been reported at L0, Cther design and cost para-
meters will be discussed iater.

There arc two basic questions that arise: First,
what will be gained? and second, how much will it cost?

This thesis will indicate that virtually complete
elimination of sulfur-containing compounds from the re-
covery procéss is possible. The subsequent SFKOR oils
produced may also iave a commereial value; if not, they
may be used - as fuel in a lime kiln or power boiler. Two
major sources of sulfur odor have thus been minimized.

The first ic from retenticn ponds where miecrobial
attack on sulfur compounds produees hydrogen sulfide.
Second, removal of these o0ils also reduces the load on
the effluent treatment system and correspondingiy the
total discharge of 30D to the waterways. Tt will be shown
that stripping the discharge from the multiple effect
evaporators can produce at least a 10% decrease in total
BOD discharge.

In many Kraft mills, espeecially those lecated near

metropolitan areas, the future =xpansion and perhaps the
very existence depends orn the ability to maintain and
even reduce pollution levels. With tightening controls
and the expense of secondary treatment, steam stripping
may be part of the answer.

The cost figures for steam stripping all digester
and evaporator condensates have been calculated for a
400 TPD mill on a five year write-off. The total capitsal
with 15% contingency is $84,000. The cost per ton of
of production, including maintenance, is $.32 for the
first five years, and $.21 thereafter.!5
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TROCEDURAL JUSTIFICATION oA

The SEKCR process involves the distillati-n of the
cortaminated eifluent. The parameters involved irclude
eifluent feed rate, steam feed rate, and o t-flow r~ate.

The =2ctual column system designed by Whittaker!lis pic-
tured in Figure 2. The reproduction of the effects in-
volved would require either a similar pilot column or the
use of a static analog of this process.

The latter method was employed. Each characterlistic
of the actual SEXKOR column was copied bty a trheoretical
or physical model. For instance, live steam is injected
‘'nto the column causing dilution of the cordencate. The
optimum feed-to-steam ratio for a column removings 99%
of the dimethyl disulfide is 50.15 Combining these two
facts, it was obvious that if the original samples were
diluted by 1:50, a simple fractional distil]atibn could
mimic the effects of the SEKOR column.

The SEKOR column, designed for 99% removal of di-
methyl disulfide, used a series of thirteen condensing
plates. A benzene-toluene distillation was run on the
simple iractional distillation column. By using refrac-
tive index measurements and vapor pressure dats, it was
determined that the lab column had fourteen theoretical
plates.

Thus all of the parameters of the two columns were
equated. A fractional distillation column pacved with
glass helices, thirteen HETP (theoretical plates), and
with properly diluted samples was used for the experi- .
mental distillation.

One feature was added to the apparatus which was
not justified by the actual column. Due to the extremely
low boiling points of hydroéen sulfide and methyl mercap-
tin, it was feared that an ordinary condensing column
would not tfap these vapors. After considering scveral

alternatives, a hose was attached to the top of the con-
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densing column and submerged in sodium hydroxide pellets.
This verved as 2 scrubher and eliminated the odor that
would have reen caused by these norcondencsables. _

The caleniai«d voluime of SEKOR oil and warer at the
take-off was 10% of the inflow volume. 1t wac decided
to take only 1% of the inflow volume as a sample. By
the nature »f the distillation column,  a certain amount
of 01l would rerain in toe column and therefore even by
withdrawing the full 10%, a certain amount of 0il would
be uncollectible. The optimum results coula 31il}! be at-
tained by knowing the water and oil concentration before
and after stripring.

To relate the results to daily mill op~ration, chem-
ical oxygen demand, COD, wa: chosen over the traditional
five-day BOD test. The BOD test depends upo» =microbial
attack and digestion of organic compounds in th? efflu-
ent. At the cond of five days, significant amcunts of
oxy~en demand still remain in the tes® specimen. Zom-
pounds in the sample, such as phenols, wray bc poisonous
to the microhes. C(nly microorganisms fror the family

Pseudomonis are capable of rhenolic digection. Thusa the

presence nf these phenols could give deceptively low re-
sults. In the COD test, bothk biodegradable and chemode-
gradable substances affect the results.

Tn contras* to the POD, COD tests emrloy a dichro-
mate, acid oxidation. With the addition of a silver sul-
fate catalyst, *he only organics which will not bte oxi-
dized are the arom~-tics. This method is alsc superior
to nermangenate oxidatior in reproductivity, stability
with regurd to ammonis oxidation, and ease of manipulation.

Petween tiie test results from BOD and COD, there
exists 2 distinct factoral relationship for each effluent
tested. BCD usually ranges from 0.5 to 2.7 of the corre-
sponding 20D value,) Due to the magnitude of errors in-
volved in tﬂe repea €d dilutions that wculd be required,

for the BOD, and arbitrary value of 0.6 was chosen for




§"
the relationship.

Gas chrownatograpny was selecied for 4he analysis
of the effluerts before and after stripping. By this
technique, quantitative information was available as to
the effectiverness of stripping. Information of this
nature was essential if comparison of effl.uent streams
was to be made.

For this analysis a ten foot, %1 inch diameter, 5%
Carbowax column: was used. The use of this column allows
separation of alcohols, aldehydes, aromatics, ketones,
sulfur compounds, and terpenes. All of the above were

suspected contents of the effluent streams.




PROCEDURE

Two gallon camples of contaminated condonsate were
obtained from feour different pulp mill effluent streams.
The samplzs were shipped in plastic cortainers fror the
Weyerhaeuser Company, Springfield, Oregon, division.

The samples were from the waste heat evaporater, #1 and
#2 Recovery evaporators, and #2 Recovery concentraor.
During transit the samples were kept refrigerated.

One liter aliquots of the effluents were 4 luted
to 1020 ml in accordance with the 1:50 dilution by steam.
Bach aliquot was then fractionally distilled in the afore-
mentioned column. (See Figure 3.) The reflux ratic was
chosen as 10:1; that is, ten drops of disiillate were
returning to the column for every one drop remcved at the
take-off valve. Cne per cent of the initial veclume, or
10.2 ml, were removed as what will be referred té as
secondary coundensate.

An essential feature of any distillation iz *he es-
tablishing of an equilibrium in the column. At least
forty minutes of refluxing was allowed before any secosd~
ary ccndensate w-=s removed,

After the secondary condensate had heer removed,
but hefore the column had a chance %o cool, a 100 ml
sample was removed from the distillation flask. This sam-
ple will be r:ferred to as underflow.

Tt is escsential that all of these samples--inflow,
underflow, and secondary--be refrigerated. This is essen-
‘tial to reduce the effects of both aerobic and anaerobic
decomposition. Fven wiien stored in a refrigerator, a
cloudy white scum will form on the sample surface.

The samples removed at the take-off were slightly
emulsified. Rather than try to break this emulsion and
decant the SEKOR oils, it was decided to completely emul-
sify the samples and run the analytical tests on the com-

11




4 12

posite of water and oil. The samples in volumetric flasks
were subjected to ultrasonic vibrations for three minutes
each, Aliquots wer~ imniediately withdrawn fop 20D testing.

The standard dichromate acid COD test woe run on
each of the sazmples.® Due to the dilution errors involved
in the testi, results were reported to only two significant
figures.

The final portion of the tésting involved znalysis
by gas chromatography. The analysis was done or a ten
foot, + inch diameter, 5% Carbowax-20 M columr. To elimi-
nate sampling problems, only the inflow and outflow por-
tions of each sample were tested. The actual analysis
proceded in two phases.

Phase 1 involved implanting the species in ihe col-

umn. This was accomplished by the following se%t of con-

ditions:
Temp. Limits 75-225%¢ -
Recycle .
Rate of Temp. Change 10 C/min.
Upper Limit Int. 20 min.
I. Port Temp. 270" &
Flame Det. Temp. 170%®
Chart Speed .2% in./min.
Range 10
farrier Flow (!le) 125 ec/min.
Jample Size 10 ml

Phase TI involved pushing the components through
the column. This was affected by increasing the tempere

ature. The following conditions were changed:

Temp. Limit 400-490° C
Rate of Temp. Change 60 C/min.
Hold

The sample after injection is held at the head of
the column until the characteristic temperatures of the
components are reached. The components then proceed
througn the.column. By slowly increasing the temperature,
separation is achieved. By lowering the temperature, L

greater separation is achieved. Once separation has

occurred in Phase I, the purpose 'of Phase 11 is simply




to speed thie components through the column. Although

some fractionation efficiency was lost, the reduced time
element and adequate reproducibility made the. ap:roach
advisable. IEven nusing this method of fractionatine, each

sample reguired =2bout two hours to pass throuehi the column.




DATA

The effluent samples were obtained from the Spring-
field, Oregon, division of the Weyerhaeuser Company. Four
condensate samples were obtained, inc;uding: waste heat
evaporator, #1 Recovery multiple effect evaporator, #?2
Recovery evavorator, and #2 Recovery concentrator. The
mill is a 130C TPD integrated Kraft board mill utilizing
80% Douglas Fir and 18Y Ponderosa Pina, s

Table 1 Average COD
#1 E.C. #2 E.C. #2 Conc. W.H.E.
Inflow (mg/l) 5

290 10 270 380
Outflow (mg/1) 120 300 1?0 580
Take-off (mg/1) 850 800 800 - 100

Table 2 Removal of Sulfur Compounds*
M B.C. #2 E.C. #2 Conc. W.49.E.

hydrogen sulfide 80% 80% . 100% 60%
methyl mercaptin 100% 80% 100% 60%
dimethyl sulfide 10% 10% 309 N.A.¥
dimeth;1 disulfide 100% 100% 100% 100%

¥The recorder on the chromatograph developed mechan-
ical problems. The pen would not hold a steady zero
point throughout a single run. The resultant graphs have
zero points wandering as much as two inches. This elimi-
nated the possibility of quantitative reporting of sulfur
concentrations. The figures in Table 2 can therefore
regresent only approximations obtained from the graphs

drawn by the chromatograph.

14
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Table 3 Unknowns Actually Located in Sample
fomponent Time Units . B.P. in®g
hydrogen sulfide 7 ar %
methyl mercantin : -
- N . 4.0 6
dimetihyl sulfide 8.0 37
acetone 10’7 56
methenol 11’4 55
ethanol ‘ -
N 12.1 79
water 13.5 100
*methyl isobutyl ketone i ,
- i . 20.3 108
dimethyl disulfide 5.2 116
‘- & \ ]
1';)11j(.ne 23.8 156
J.moner'le 26.0 178
«-terpineol _ ; 28.0 520

¥Not certain that is the actual compound
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DISCUSSTON O¥ RESULTS

™e important factor to remembir in analyzirge these
results ig aat Lie difference betweern the iuflow and
outflow volumes is enly 1%. Only 1% of the irflow is the
gecond=sry condensaie. The design specifications ca led
for 107 of *v.> inflow 10 e taken off as secondar: con-
densate. T.¢« .amnle analyzed is richer ir alcoho’ s and
lower welight sulfur compounds.

It may be noted from Table 1 that s*ri . in~ elimi-
nates “ydrogen sulfide in the samples. The strippins = 1so
produced high removal efficiencies of methy]l mercaptin
and dimethyl sulfide. All of these sulfur-containing
compounds have hoiling pnoints below that of water. Di-
methyl d<sulfide has a boiling point in exzcess o~ 1009,
The removal efficiercies were therefore lo.. ™The amount
of dimethyl disulfide was higher for the co' centrator
effluent. This is because of the aovsence o terpene
cills ir the corcentrator stream. Thie would tend io
down-grade the irnportance of the concentrat ,r the
stripping schere.

Fle. ates wni ROD output data were ottained from
the Syringfield mill. These will give a vivid picture
of tue impo-tance of =2ucnu condensate stream ir relation
to total mil?l outpu! of BOCD.

Average Production 1000 TFPD
Averrge B(CD to Ponds 37,800 #/day
Average Treatment Efficiency Q2%
#BOD in the Condensate/day:
#1 E.C. 2040 5.4% of total
#2 E.C. 1860 4,9% of total
#2 Conc. 110 .3% of total
W.H.E. 480 _ 1.37 of total
| 4490 #/day T%? of total BOD

Assuning a 90% efficiency of BOD removal during st#ip-
ping, the amount of BOD going to the retention ponds will

decrease by over 10%., Assuming no increase in pond effi-




.clency, the BOD going to the river will decrease by .8%.,
Another feature of the decreased pond load will be total
water output. With the reuse of the hot process water,
the total mill requirement of water will be reduced by
three million gallons per day, or 16%.

In addition to the savings in water pollution, and
perhaps less tangible, are the savings in air pollution,
The removal of 1% of the inflow volume of effluenrt re-
duced the average sulfur content of the outfleow stream
by 75%. This represents a tremendous reduction in sulfur
content when all 10% of the inflew volume is removed,

All nf the compounds identified in Table 3 are potential
odor hazards. 7f these compounde are sent directly to
the effluent treatr ent system, ovdor can be tne only re-
sult. ;

This *theric does not intend to say that retention
pond odore will be eliminated. There will always be some
degree of odor associated with the aerobic decomposition
in the treatrent system. This process will eliminate
sulfur emissione characteristic to the Kraft process,
and od¢r from the decomposition of terpene oils.

From the data presented and the chromatographs of
the effluent, the relative importance of e::ch condensate
stream may be ev-luated. The multiple effect evarorators
are obviously high in BOD output, amounting to about 5%
of the tota' BCD output. The waste heat evaporator, al-
though low in the total output scheme, is rieh in turpen-
tine and sulfur com,ounds. The concentrator, in contrast,
is low in terpenes and sulfur, and would probably nct be
considered ars a steam stripping inflow.

Seversal other areas of mill condensates w»ild warrant
investigation. Anong these are blow gas condensates and
turpentive decenter undcrflows. An analysis of cach of
these flows should be made to determine the amownt of
01l and sulfur. present. The ranking of thesc flows will

aid in the final decision of whether steam stripping is

17
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practical for a given mill situation.

Althovgh the quantitative portion of this thesis may ‘
be considered a failure, the results obtained stil’ sub-
stantiate one major pcint. Steam stripping is effective
in the reductiorn of sulfur and turpene portions of mill
effluent. Despite thesce observations, there are several
practical considerations which may lower the effrciive-
ness of the i;rocecs. The steam stripping proces: will
not remove color bodies from the inflow stream. Any
black 1liquor carry-over from the evaporators or the con-
centrator will not be removed. This material is corposed
basically of heavy wood sugars and ligrin comrounds. AS
was obscrved in the case of the concentrator inflow, thre
outflow was nearly the same color. This way lim_t the
acceptability and range of uses for the volumes of pro-
cess waler produced.

The stripring column is designed for a particular
set of flow conditions. Increasing the flow rate will,
despite increased steam flow, lower column efficiency.

The end use of the process wzter must be flexible enough
to allow varying degrees of water purity.

The third »nroblem was an empherical observation
made during the distillation. Some of the secondary con-
densate came nut in tne form of an emulsion. I[f an emul-
sion formed in the condenser or phase separator, stripping
efficiency would drop off. Due to the nydrogen bonding
and pclarity of the terpene oils, the problem could be
significant.

Due tn tiie volatile nature of hydrogen sulfide and
methyl mercaptin, the non-condensable gasses from the
process could not be vented to the atmosphere. The gasses
would then have to be passed either into the lime kiln
or into a specially designed burner for odor-free opera- i
tion. o

The beneficial effects of steam stripping seem to
outweigh poténtial rroblems. For the elimination of 4
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Kraft odér, some form of volatile componen* removal is
mandatory. Steamn strippiry seems to meet beth the econ-
omic and the e2s . operational parameters for industry

adopticn.



SUMMARY

Steam stripping provides an efficient means cof Kfaft
odor removal. Not only has it been shown effective in
odor removal, but in lowering the total mill water re-
quirements and RCD output to the waterways. Eleven odor-
producing compounds were identified in the effluents stud-
ied.

The strinping process also meets the crucial ?3on-
omic considerations essential to the industry today. A
400-ton per day mill can strip evaporator condensates
and blow gas condensates at a cost of $.32 per ton for
the first five years, and $.21 per ton thereafterl5

As was demonstrated in the example of the Springfield
mill, not only can mill weter demands be reduced by up
to 16%, but total BOD to the effluent ponds can bq reduced
at least 10%.

Mill effluent sireams should be test=sd, ard calcu-
lations should be made to determine the gain irnvolved inm
"8tripping each stream, FExpansion of mill facilities in
many areas may depend on the mills' ability to maintain
present pcllution levels. Although there are several
problemg invclved, the net advantage to the paper maker,
both in public relations and in meeting state rollution

regulations, will be immeasurable.
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