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Process Modifications for Air Poliution Control

in Neutral Sulfite Semi-Chemical ills
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The body of information presented in this paper is directed to those individuals
concerned with the oir pollution control problems of the pulp and paper industry
operation.

Process modifications introduced at two Company mills, at Big Island,
Va. and Tomahawk, Wis., where nautral sulfite semichemical pulping of hardwoods
is performed at rates of 550 and 630 tons per day, respectively, are discussed.

Case Hlstory

At our Tomahiawk mill the conven-
tional system depicted in Figure 1 is
described w2 it Tunctioned in 1933 as
follows:  The spent liquor (black
liquor) from the cooking process was
concentrated to 45% =salidz: in multiple

The methodoloqy ard concepts used to minimize total reduced sulfUr Gnd Tofol

ed. In another major improvement already implemented in the Big Island
Mill conventional hydrogen sylfide emissions from the suifiting_tower, on the order

of 8-101b as suifur per ton of pulp, have been completely eliminated by a process effect evaporators. Further concen-
‘modification technique. Ofher aspects of the operations are described, and a fore- tration, 1o about 60-62% solids. was

achieved by bringing tozether the hot
flue gases from the Tecovery furnace
with the black liquor. The concens
trated liguor was then burned in a kraft

cast of possibie emission levels for mills with o newer technology is made.

The principal chemical pulping process,
kuown in the industry as the kraft pro-
cess. accounts for 6557 of the pulp pro-
duced. The semichemical process tnrns
out about 97,760 AT I AT v ariois
other cheniical procdeszes account for
another 69.

Sulfur eompounds are active cooking
ingredients in the produetion of §357
of t.he pulp made by chemical or s=mi-
chemical process.t
that the use of sullur-active compmunds
in pulping will continue at present, or
even increased, levels throughout the
1970 and bovond.

Tmportant among  the
that conclusion ix the

Tor
tlie

rensoins
fact that

tmenh over the Ia

LlLr“va i mo

without sulfur compounds in certain
types of pulps oiker than keaft is being
studied, but il would he premature to
advance coneliizinns.
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All indieations arve -

lxdustry has made iremendous capital |

The pulping industry in recent vears
has made significant advances in re-

ducing sulfur gaseous emissions at
pulp mills mainly through wmodifica-

tions of the process and coutrol of these
gazeous emissions at the source. These
advances permit. anticipating compli-
ance with foreseeable stundards for
arrblent quality and their related source
emissions standards.

Environmental Pollution Problems
In the early 1950°s, the Iustitute of

Paper Chemisiry® deﬂoned a method of
miillae *

chemicul recovery for Na3C
Our mill in Tomuhawk, Wiseonsin was
the fivzt installation of its kind to im-
pleruent this recovery systera in 1953.
A similar tem was installed In our

BRI PR -

ar \ollu-
o JlOD" the recovery

lem inoaly pollutunn
tion mn‘ 'emw A

f_g@_l*g_rv furmLe with a capacity of

The inorganic
helmcalr_. were 1eco\'e1e\.i 23 smeit and
dizzolved In an aqueoux solutlon (cre
liquor). The green liguor was reacted
with gaseous sulfur dioxide in a sultiting
tower to formi the :ulfited liquer. The
typical reaction taking place here was:

NaaS -+ SO_' + Hi_o -
NS0 + HiS+

Thus, an inherent problem of the orig-
inal process was the reieaze of one

reieaze Of or
rpol(, of hydrogen sulfide for each mole
of féacted sodidm SUIRdE.

In“urder o reduce these sulfur
we introduced a minor process ¢han
A certain percentage of the i
[ ='w.T-.] P .

T : . we D
sodium \Ulfl(lc n ihc more dhll““ J spent
lguor  (wealk  black 11(1\[0 \\ Len
this hqunr 1& coneentrated i the con-
veiionsd caseade evaporator 66307
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Figurel. Flowsheetofthe conventional NSSC process.
Table 1. Predicted and real amounts of solids, the sulfide concentration in-
primary air for zero ppm sulfide ermnission. creases. Then, upon contact witli the

Furnace's loading

level _é_r_r}ount of air (ib/hr)
# psig  Predicticn

solids/hr  nozzle method Real*
18,600 65 61,090 63,000
17,000 55 54,000 54,000
15,600 45 48,500 49,000
11,988 35 42,000 45,5G0
8,300 25 36,000 43,500

* Under field conditions of zero~ppm TRS — 7~

(tolal reduced sulfur).- -

Table Il. Calculated and effective secon-
dary air.
Furmace’s load- Secondary air  Ratio
ing level (Ib/hr) E/C
psig
# noz- Caleu- T —
solids/hr  zle lated = Effective* F
18,600 65 53,000 53,000 1.0
17,000 b5 48,000 51,000 1.05
15,600 45 38,600 48,000 1.17
11,988 35 28,603 44,500 1.55
2,800 25 16,000 43,560 2.6

* For zero ppm TRA {total recuced suifur).
F==0.90 4+ 9.0555 (P/65) —3.017.
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hot COurich flue gases, some additional
hydrogen sulfide was released.

Owr present system at Tomahawlk
has been operating since 1965 without
a cascade or direct contact evaporator.
Liquors are coucentrated in multiple

effect evaporators to 62-(4% solids.

Thus, gaseous emissions from the re-

covery unt are limited to the furnace.

itzelf and the contrel of these emissions
is the subject of our first process modifi-
cation.

Control of Suifur Emissions from the

Recovery Furnace

The operation of a pollution-con-
irolled furnace must be a compromise
of different and sometimes contradictory
requisites, which are:

1. Acceptable corabustion efficiency.
2. Chemieal recovery”as Na8 and

NL‘L:COS. -

3. Minimization of Na,30; formation.
4. Low a'kali dust load. ’
5. Elimination of 8= emizsions.
6. Low 30, emission. ’
7. Centiolof CO in flue gases .y
8. Confrol of NOy.
The complex processes taking place
during ccmbustion eould be simplified

into a svelem of ingrganie substinces.

The two existing phases in the lower
zone, gas and solid, ean be explained
by thermodynaniie postulates. Reac-

Sions and the values of the eguilibrium

constants are available in zeveral pub-
lications.*  The solution of simul-
taneous egquations in order to obtain
the partial pressures of each reacting
substance at equilibrium iz a rather
tedious probleni unnecessary for our
approach.

3

Mapping the Zome of Compromise.
in the Equilibriwm Diagram for Primary
Air. Figure 2 s an equilibrium dia-
gram for a Na-hase pulping system
based on these azsumptions?

pCO + pCO. = 0.15 atm

pH: + pH:0 = 0.10 atm

pH. 4+ p30s + pS0s + pSa =
0.01 atm

Xu in excess of 8 as to fix all 8 to
Na and to obtain a NaxCO;
rezidue.

Since our modification was to he
achieved through air control, the par-
tial pressure of oxtvpenn was taken on
izzas and the partial pressure
of the remaining compounds as or-
dinates, all m negative logarithma.

We then proceeded to narrow down
the diagram according to our require-
mettz, in the following fashion:

1. We disregard any area to the right
of the point delimiting Na.3 and
Na.20; formation, log p0. =
—10.007

. The requisite of an ucceptable good.
combustion iz fulfilled by staying
away from very low oxygen partial
pressures. In this fashion, we dis-
regard the area left of the point at
which solid carbon will appear, log
pO: - - 193

3. Decomposition of Na:COj; is avoided
by staving above the horizontal
lire obtained at log pCO. = —6.453.

1. Alkall Josses must be kept as low as
pozzible. A comipromise point is
the irtersection of the Nas and HaS
curves. Thiz will give the new
oundary on the left. .

5. Binee minimum F.8 emizsions should
toke place, any area to the left of
the point where the H.8 and B0C:
curves intercept will be acceptable.
Tliz point will be our boundary
o1 the right.

[

The new zone of compromise is thus
the rectangle marked by thick inclined
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lives in Figure 2. Within thiz zone,
the left-band side offers better fulfill-
ment of most of the requisites, say
lower H;8 and Na. partial pressure and
less possibility of NusS0, formation.

We selected a midpoint in which
we will have approximately:

386, of C as CO
429, of C as CO;
589 of H, as ILO
4297 of e

The amount of primary air was esti-
mated to satisfy the above ruentioned
ratios according to the elemental
analvsis of the spent liguor and com-
mon process calculations. When esti-
mating the combustion of the auxiliary

fuel oil, we considered enough air to.

permit itz combustion to CO- and H.O.
The situation of the fuel oil guns dis-
charging rizht in the upper limit ol the
primary zone was one faefor in con-
sideration. Auxiliary cil makes about
209 of the total heat input.

Table 1 indicates, at different operat--

g conditions, the final values for pri-
mary air that were used to ohtain experi-
mentally zero ppm sulfide emissions in
the flue gases. Also shown are the
values [from the prediction method

already outlined. It is possible that -~

some additional turbulence wus reguired
at the very low loading levels.

Secondary Atr and Turbulence. The
amount of secondary air could be cal-
culated by substraction of the primary
air from the total estimated require-
ments. The air required as determined
stoichiometrically 15 the minimum
needed and additional air must be sup-
plied. Our total ealeulated air included
a 5% excesz air.

For our experiment we tried to follow
an approach consisting of the increase
of the secondary air injectlon veloecity.
At that moment in the study, we have
been able to obtain zero ppm sulfide
emiszion {or several hours at the highest
loading level.  As indicated in Table
TE as the input of black liquor =olids
to the furnace decrensed, there wus a
need to increase secondary air above
caleulated amounts in order to com-
plete the oxidation of the sulfides.

WDl Leedld Wl ne EENEH TR
zone zhould include a seale of tur-
bulence. We like to think of it as un

analogy with the von Karman-Howarth
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Figure 4. Sulfur dioxide reduction with in-

crease in Na/S ratio.

equation for the second order correla-
tion funection f (r, &), If 7 is the diz-
tance between two points, a correla-
tion between the fluctuation at these
two points wilk-give a mesasure of tur-
bulence. Aunother analogous element
could bhe introduced if we consider the
gecondary ports svstem as erid or
mesh producing the turbulence. The
deecay of the intensity of turbulence is
also expressed by the function f (r, £.
For our fixed geometric dimensions
in the furnace, & decreise in the loading
will bring about a decrease in the dis-
tance, 7, and time, ¢, after the grid and,
consequently, a decay in turbulence.
For lower loadings to the fwrnace, it
would be necessary to incremse turbu-
lence in the same fashion it—decayvs.
In other words, we need to trace hack
the curve which gives 7 (r, ). Figure
3 indicates the high loading point (1.0,
1.0) and the reverse curve (dosted line).
Point (0.4, 2.5, was determined by
proportion and some  trinland-error.
With these two points, an operating
equation was developed and estinis-
tions for each operating level were made.

Control of Nifrogen - Qxides.
stage combustion is one of the methods
to reduce the formation of NO,. Thiz
is the fashion in which the furnace is
eperated to obtaln proper inorganic
chemical recovery. Neeping the Tc'“—

perature relatively low in this pro
alo aids Tn keeping the Ny at a inl
mury. Creerally temr:eratm-c—a Aty
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lower or primary zone are in the range
of 2000-2300°F.

Recent studies of NO, at our recovery
operation at Big Island, Vi, using the
phenoldisulfonic acid methed, indieate
values fn the range of 50-100 ppm N0,
ag NO.._ This corroborates our pre-

vious work at Tomahawk, Wis. in 1969.

There iz no indication of any serubbing
elfect hecause of the ventwri-evaporator
at the Big Island operation.

Reduction of Sulfur Dioxide

There is a relationship between the
sodium, sulfur-catio in the liquecr and
ions of -80. from the furnace
itzelf.  When  total reduced sulfur
(TRS) emissions are reduced, the Na/8
ratio decreases.  Less alkali is available
for recombinution with the 80, in the
secondary zone. Figure 4 illustrates
the experimental data from the Toma-
lawk mill, showing the relationship
between Na 3 ratio and S0: emissions.
We think that there is a 1‘)1'3('-tir::-11 limit
1o the inerease of the Na. 8 ratio.  Ade-
gquate turbualence and cooling of the
gases will promote efficient recombina-
tion aidd low alkali losses.

Eliminaticn of Hydrogen Sulfide Emissions’.
from the Sulfitation Tower

As 2 contiruwation of an earlier pro--
gram to remove and recover 80 from
power boilers using Ligh-zulfur coal as
fuel,* a modificalion of the IPC recov-
ary system was devised for our Big
Teland operation. Balfor dioxide from

evaporator fora

Modified NSSCrecovery process at the Big Island Mill.

the existing sulfur burner is scrubbed
with an alkaline solution of sodium -
hage in tha amount requived by tha
Na make-up of the mill. The solution
should have & molar ratio hisulfi
sulfite of 4:1 at a pH of around 7.0.5
The formation of the bisulfite-sulfits
solution takes place in the original
sulfitation tower. The bisulfite=sulfite

liquor is contacted with _green liquor

gngt ol directly v ith _the smelt as

oridgially - efivisioned. Flgure 5 15 a
Eehenwctic ol theé” Tnain  components

of this svstem at Biz Island.
Other Improvements at the Big Island
Operation

The capacity OT ﬂl&ﬂuct,mmt
ernoving bO> 1z an 1m-

Son"of 8 S from Ihe‘-mdfnx‘ 2
“smelter, per se, does not favor the best
contrel of sulfide and sulfur oxide emis-
slons.
Our program for {urther improving
the control of pollutant emissions from

the smelter ealled for replacing the
existing concentrated black liquor to
the venturi. evaporators with weak
black liquor, iwhich contains only 12—
179% solids.® Figure 3 also deplets
this svstem as in operation. The in-
crexse i the liquid ‘gas ratio and the
reduction of solids in the scrubbing
solution will iuerease the particulate
(wm.utlon to 985%. Preliminary data
1 the on-going siudy indicates that
an ina d removal of 80; has been
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achieved by the use of weak bluck liquor,
the concentration betng helow 200 ppm.

Experimental work in the existing
installation ou the effect of *‘noue, and
weak black liquors in the release of
sulfur emissions from the contact evap-
orators haz shewn a reduction of sulfide
emissions when using weak liquors.
At a pH on the alkiline =ide {around
9.7), aud sulfide concentrations from
0.1 to 0.3 g1 as Na-S, relewse of sulfides
does not tql;.e. place, but a reduction
from the inlet concentvations does.
Liquid-to-gas ratio, expreszed az gallons
per 1000 actuul cubic feet of gas, is in
the range of 12-13 for these results.
Studies te further inerease the liquid,
gas ratio are under way.

Conclusions

Table I compares what we consider
old and new technologies from N2SC
operations. These figures fudicate that
significant reductions have been made,
including the immediate reduction of
total suliur emissions of about 15 1b ton
of _pulp, and it | farther reductions
could be made. Differences Zrom oue
mill to another are significant as in-

dicated by Tahles III and IV, and the -

values in Table TII must be interpreted

for o mill able to adopt the best one of ~
- the independent improvements. In

some cases thiz may not be po:ml le
for existing mills.

We would like to stress the following
conclusions:

Table lll. Comparison of old and newer technology on gaseous emissions.

Source Pollutant Old technology Newer technology
Recovery S0, 8.20 1.40-2.45
furnace FL3 4.20 1.10-0.20
or RSH - 0.30 0,10-0.05
smelter Other — —
12,70 2.60-2.70
Sulfiting T80 0.80 - 0.30
tower H.S 8.55 —
_ 9.35 0.30
Blow 50, . 0.30 0.25
tank Ha.S 4.20- 2.10
L RSH * 1.56° 0.78
Other Org 312 __1.50
5- 9.18 1.63
Dissolving H.5 0.10 - =
tank 50, 0.04
0.14 0.14
Evaporator H:S 0.13
OrgS- 0.09
0.22 0.22-
Washers H\S 0.05
50, 0.01
0.06 0.06~
Total _3165 7.95-8.05
Table V. Smelter flue gas emissions before and after venturi-evaporator
(b sulfur/ton ADF)
Expected
emission
Emissions* Collection after
Pollutant Before After efficiency* program
- oT TE - a0
Hydrogen sulfide, o
as$ 4.5

5.9 —30.0 1.00**

* With strong black liquor.

*+ From praliminary data of ¢a-going progranmy.
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A. Alr pollution problems are increased ™.
in the N38C pulping process when-
ever steps are taken to reduce water
pollution levels by chemical re-
covery.

B. Through process modifications,.
more exiacling combustion practices,
and control at the sources, the air '
pollatant emissions in the NBSSC
pulpuig process can be reduced to

. levels of anticipated_air quality
standards-

C. The~sulfite _semichemical pulpmg“\

- process, as most common v pr
ticed “différs suk from.
il t6 another and generaliz:
“on” éinissions and control Teve
‘ot to be made as in the most um—’
form kraft process.
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