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THE INSTITUTE OF PAPER CHEMISTRY
Appleton, Wisconsin

SELECTTVE DELIGNIFICATION OF WOOD AMD OTHER FIBROUS MATERTALS:
PRELIMINARY ECONOMIC ANALYSIS

SUMMARY

A preliminary economic analysis of the hélopulping process has been

carried out. The analysis was set up on a differential basis to permit comparison
with existing processes, especially kraft. The analyéis was concerned with the
eéonomics of the trade-off between savings }n wood costs for holopulp due to higher
yield and increased chemical costs used in selective delignification. The influence
of the chemical recovery system on the cost of cooking chemicals was also deterﬁined.
This analysis does not include pulping and bleaching costs {other than chemical
costs), environmental costs, or any value judgments regarding the use of holopulp in

papermaking.

Based on current wood costs, it appears that the savings due to higher
yiéld would be about $5-10/ADT. The increased chemical costs for holopulp over
kraft tend to exceed this by a significant amount at pulping stoichiometries cur-
rently practiced. A comparison between holopulp and kraft for a bleached hardwood
pulp shows excess costs for holopulp of $10—20/ADT. A similar coméarison for a
high-yield, unbleached scftwood pulp showed break-even economics if a pulp having

the requisite properties could be made at 75% yield with 4.5% Cl0s.

Analysis of the recovery syétem showed that the cost of caustic and chlor-
ine would probably range from 2 to 2.5¢/1b. and that C10s could be obtained for 8 to
_12&/1b. The cost of chlor-alkali was less sensitive to NapCOs in the ash than
expected. On the other hand, separation of NaCl from Na-CO3 for separate causti-
cizing of the NapCOs did not look economical with NaCl the dominant ash component.

It appears that burning chlorine to HCl and recycling it to react with NapCOs is




IR e ron s

SR

Page 2 Project 2500

Report Eighteen

more econcmical as long as NaCl is the major ash component. A comparison of full
recovery and partial recbvery gave a payout time of 3.7-4.7 years for fhe incremental

investment in the electrolytic chlor-alkali and Cl0p processes,

The work planned to complete this economic analysis includes an extension
of the recovery cost estimate to carbonate-rich systems, a comprehensive evaluation

of stoichiometric variables, a thorough evaluation of the equipment and operating

costs in pulping, an evaluation of envirommental costs, and a look at the economic

implications of the use of holopulp in papermaking.

-

At this point in the study, judgments should be tempered by the realization
that many important factors were not included in this preliminary analysis. Quanti-
tative.datalaré based on present technology and current costs. Trends in stumpage |
and harvesting costs; accommodation of envirommental impact (1and, air, and 'water);
pulp conversion and processing costs; and the relative costs of using different

materials to meet certain end-use requirements are all relevant to final assessment.
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INTRODUCTION

: 'Economic considerations must play a dominant role in the development of
any process." These considerations become more compelling as theddeve}gpment
?pproaches the point where decisions regarding the possibility of comméicial imple--
mentation must be made. Economics serves as the ultimate yardstick in determiningi
the success or failure of a process. This project has been conce;ned_with examining
the potential of oxidative pulping to produce holopulps by selective déiignificatioh.
As part of the effort to bring the project to ﬁ logical conclusion, it was deemed

necessary to make a comprehensive econamic assessment of the holopulping process.

Such a comprehensive economic analysis is by its nature quantitative and.
comparative.' It‘is quantitative in that it attempts to assign numerical values to
process costs as wéll as the more intangible aspects of the proéess. It must also
be comparative. Alternative processing schemes (such as the kraft pulping process)
are available for achieving the desired productl For holopulping to éé successful,
it should show an economic advantage over alternatives for ceftain cond}tioﬁg. The
purpose of this economic analysis is to make & quantitative comparison of hqlopglp
with other processeg so as o provide a basis for judgments regarding’pﬁocess feasi-

bility.

Theré are certain broad elements of the holopulping process as it'has
evolved to date which dominate the economic picture. Holopulp is a high-yield pulp
produced by selective delignification, and conseguently contains a high proportion
of hemicellulose. Because of this high yield, there is a reduction in the amount
of wood needed to produce a given amount of pulp. The retention of the hemicellu-
loseé results in a pulp of high bonding capability which can influence papermaking
behavior and product perform;nceu Selectiye'delignification is achieved hy the use

of chemicals which have heretofore been considered as too expensive. The extent tc
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which these chemical coété can be reduced through operation of a chemical recovery
system be;omes very important. Holopqlping does not invol#e the use of sulfur, and
so avoids the odor problem of the kraft mill. It also employs the same chemicals
for pulping and bleaching, and so the chemical recovery system can handlé the bleach
effluent also. The task of the economic analyst is to gquantify these various

advantages and disadvantages in order to permit a comparison with conventional

pulping practices.

The econamics of holopulping received a good deal of attention in the last
proposal. It was proposed that an economic analysis of the holopulping process be
carried out to define costs, designate areas where‘cost reductions can be ach;eved,
and to provide for a continuing assessment of holopulping economics. | It was stated
* that a thorough parametric séudy of economic variables was needed to determine the
extent to which process changes or changes in cost factors influence the overali
economics, The economic analysis was to be formulated in such a way that-c;st

comparisons with other pulping processes could be made on a differential basis.

The economic analysis was further delineated in the Amendment and Medifi-
cation of the Supplemental Agreement (Number Two) resulting from the discussion of
the meeting held at O'Hare Airport, Chicago, Illinois, December 28, 1971. The

relevant gsection is quoted below.

"1, By way of clarification, it is to be emphasized that
holopulp and holopulping represent a range of pulp products
and processes delineated broadly by thermomechanical defi-
bration of wood chips along with sequential steps involving
the use of caustic and oxidative treatments based mainly on
the use of chlorine, chlorine dioxide, and hypochlorite.

The chemical recovery system is involved then in the process-
ing of effluent streams containing sodium and chlorine as the
principal inorganic constituents leading to regeneration of
the required chemicals. The economic assessment of the
'holopulping process' is to be considered in the broadest
sense as a critical analysis of a range of alternate processes
rather than solely the delimited processes which have been
outlined in the earlier work.
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This report presents the results of a preliminary economic analysis of

holopulping. The economic factors related to higher yield have been defined and

quantified. An analysis of the economic aspects of chemical recovery has been

made . These parts of the total economic plcture have been applied to a few specific

cases. The compariscns were made on a differential basis as much as possible.

Econcmic implications of papermaking and of environmental factors have not yet been

included to any great extent.
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FORMULATION OF ANALYSIS

The objectives of the economic anélysis are to define the costs of pro-

ducing holopulp, determine the extent to which these costs canlﬁg;influenced by

process changes and external cost factors, and to make a criticallcomparison with
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other processes. The analysis is to be formulated so that cosggﬁomparisons with
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other processes can be made on a‘differential basis (only thggeégi?ﬁents which are
different.are included in the analysis). Such-an analysis-giéegﬁihe difference in
cost between producing a ton of holopulp and a ton of some other pulp. The analy-
5is is to be set up in parametric form, both with respect to un?t.cost factors and

process variables. This permits a generalized economic analysis which can readily

be applied to specific situations.

Analysis of the economics of pulping is complicated by the fact that pulp

is an intermediate product whose true value ultimately derives_fr&h.the paper made

from it. It is relatively straightforward to compare the cost of* making a unit

1,

' 0 :
weight of pulp by two different processes. It is much more diff}pult’to determine

.,g

the value of two different pulps. If the only comparison made igithe cost of
—_ P .
producing unit weights of pulp. by two different processes, it is*&?gitly assumed,

that the pulps are equivalent in their properties. It is, of couf§e,.well known

3

that pulps produced by different processes do have different proper%ieé and are most
gsuited for different products. When considering a pulp having the distinctly
different properties that holopulp has, it is very easy to get bogged down in
quality considerations. In order to get around this difficulty, the economic
analysis is cérried out in two stages. = In the first stage, the concern is directed
toward the determination of relative costs on a unit weight-of-pulp basis. The
secqnd gtage is devoted to an-analysis of the comparative economics of holopulp as

a papermaking material. This separation is not absolute. The interpretation of
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the first-stage information i1s sided greatly by choosing reference pulps of approxi-

mately equivalent quality.
DEFINITION OF ECONOMIC FACTORS

The bigegest elements in the holopulp cost picture are:
1. the trade-off between reduced woed costs due to
higher yi1eld and the use of expensive chemicals
for selective delignification, and’

2. the influence of a chemical recovery system on
the cost of chemicals., '

Any.analysis of holopulp economics should start with these elements.

f

The single most important factor involved in wood costs 1s pulp yreld, the
amount of pulp formed per unit weight of wood. This is determined primarily by
pulping stoichiometry (the types and amounts of chemicals employed in pulping). It
will also be somewhat dependent on species. The other major factor 1nvolved in
wood costs is the unit cost of the wood. This 1s quite variable and depends on
location, species, whether or not lumber wastes are employed, and the degree of
selectivity required. One of the regions of uncertainty is the extent to which

wood unit costs will rise due to pressure for other uses of land.

Chemical costs are determined simply as the product of the amount of
chemicals used and the umit costs of the chemicals. Pulping stoichiometry 1s a
very important factor here. As a first approximation, published market prices may
be used to estimate the unit cost of chemlcais. The next step 1s to consider the

cost of chemicals in terms of a chemical recovery system.

In analyzing the costs of chemicals when recovery is employed, it is
necessary to add up the individual cost elements of the recovery system and assign

them to the chemicals produced. The cost elements would include the charges
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against capital required for equipment, utilities costs (especially electrical power
for chlorate and chloraine cells and steam for liquor evaporation), operating, main-

tenance, and supervisory labor, and make-up and miscellaneous chemical regquirements.

After these major elements are in hand, the economic analysis can be re-
fined by ineluding additional factors such as costs of pulping {and bleaching)
besides the chemicals costs, envirommental costs, papermaking costs, and product

values.
DIFFERENTIAI, ANALYSIS

The economic analysis is to be formulated on a differential basis to
permit easy comparison of costs among the alternative processes. Such a comparison
15 not directly concerned with the determination of absolute costs, but rather with
those factors which are different among the processes considered. | All costs are
formulated relative to the reference process. This technique assumes that alterna-
tive processes are available and that economics serves as a criterion for judging

their merit.

The selection of a base of comparison 1s important in setting up a differ-
ential analysis. In this report, 1t will be assumed that one airdry ton each
(containing 1800 1b. ovendry fiber) of both holopulp and the reference pulp is used
1n comparing costs. For those cost elements where plant size 1s important, a
production rate of 500 ADT per day will be used as g basis. It is assumed that
both the holopulp and the reference pulp are made from the same species for roughly
the same ultimate purpose. The reference pulp would, in principle, be derived from
any alternative process for making pulp. In most cases, the reference pulp would
be kraft, either bleached or unbleached, depending on the specific comparison made.
For those grades where kraft i1s pot the most economical pulp, alternative reference

pulps can be used.




Project 2500 Page 9
Report Eighteen
The technique for .setting up a differential analysis is rather simple.
Costs are equated vwherever possible and eliminated from the analysis. Only items
whose costs are significantly different are included. Initial approximations of
equality may then be challenged and adjusted as the analysis becomes more refined.
Each major cost 1tem is then summed to give an overall economic comparison. This
provides not only for the overall economics, but it alsoc provides a quantitative

assessment of those elements whieh favor holopulp as well as those which are dis-

advantageous.
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DEVELOPMENT OF ANAL¥SIS

As was mentioned in the previous section, the dominant elements in the
holopulp cost picture are the trade-off between savings in wood costs due to higher
yield and the high cost of thé delignification chemicals, and the role played by the
chemical recovery system in lowering chemical costs. These major factors will now
be considered. TFirst, the economics of higher yield will be examined. Next,
pulping stoichiometries together with estimates'of chemical cost will be combined
to determine net chemicals cost for comparison with savings in wood costs. Pinally,
the chemical recovery sy;tem will be examined in some detail to determine its impact

on chemical costs.
ECONOMICS OF YIELD

The direct effect of an increase in yield is that less wood is reguired to
make a given amount of pulp. This is the major economic effect of an increase in
yield. However, there are other factors involved. Because of the lowering in the
amount of wood required, the size of the woodyard and woodroom would be reduced for
plants of comparable pulp tonnage. This could lead to savings in capital charges
and possibly in labor. On the other hand, an increase in yield decreases the amount
of dissolved organics and thus lowers the total heat value of the liquor. Anocther
aspect of the yield question is the validity of a comparison based on equai welghts
of pulp. Pulping to higher yield does not increase tﬁe number of fibers obtained
from a given amount of wood. The yield increase is obtained by increasing the
weight of each fiber. This gets into pulp quality an@ use considerations, which
will be treated in detail later in this siudy. In this report, only the direct

effect of reduced wood usage will be considered.

For any process; the cost of wood can be related to the pulp yield by the

equation,
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C = —— (1):

where -
G, = cost of wood per ton of pulp, $/ADT,
_— = unit cost of clean wood, ¢/1b. o.d., apd
X_ = pulp yield, %. | ‘

If holopulp is to show an economic advantage over the reference pulp, the cost of
wood must be less. The advantage for holopulp can be determined by subtracting
the wood costs for holopulp from the wood costs for the reference pulp.. This
gives
Y
c c
W,R - W,H \\ (2) s
YR Yy

ADV = 1800

where ADV = the cost advantage of holopulp in $/ADT and the subscripts R and H

indicate reference pulp and holopulp, respectively.

The unit cost of wood should be approximately the same for each pulp.
This assumes that the same species is used for both processes (which seems to be the
only fair comparison) and that costs of the wood handling, barking, and chipping
operations are comparable. Then, Equation (2) simplifies to
1 1°
ADV = 1800 (— - — .
s yh_) (3)

4

It is seen that the relative cost advantage of holopulp on wood costs is dependent
on three parameters: fhe unit cost of clean wood, the holopulp yield, and the yield
of the pulp used for comparison. The advantage is linearly dependent on unit cost’
of wood, but depends on yield in a nonlinear manner. Figure 1 shows the advantage

in wood costs as a function of the three parameters. Figure 2 shows the same data
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Figure 1. Data on Econonic Advantage of High Yield
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Figure 2. Working Curves for Yield Economics
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plotted as a function of holopulp yield with wood unit costs of ;&/lb. The curves -
in Fig. 2 may easily be used as working curves by multiplying by the actual unit

wood costs. This is 8 consequence of the linear dependence on wood unit cost.

Figure 2 shows very clearly that the savings in wood cost are not a linear
function of holopulp yield. The rate of increase in savings decreases as holopulp
yield increases. It is also evident that the yield of the reference pulp w;th
which holopulp is compared is very important. For the same difference in yield
level between holopﬁlp and the reference pulp, the cost advantage is greater the
lower the yield of reference pulp. For example, with the difference between yields
fixed at 15%, the cost advantage is $12.25, $10.00, $8.30, $7.00, andl$6.00 at
reference.pulp yields of k0, 45, 50, 55, and 60%, respectively. This means that
with everything else equal, it is advantageous to prepare holopulps which would

compete with low-yield pulps.

In order to get a reasonable idea of the magnitude of the savings in wood
costs, it is necessary to geit some data on the unit cost of wood. The following '
data were published by the American Paper Institute in a statistical summary of

June, 1971 (1).

Costs, $/cord

l§69 1970
Wisconsin: Spruce and fir — roundwood 28.50 29.20
Aspen — roundwood 16.00 16.00
Southeast: Southern pine — roundwood 20.90 -
Hardwood — roundwood 16.35 -
Mid-South: Southern pine — roundwood 18.55 -
Hardwood — roundwood 16.85 -
Louisiana: Southern pine 17.75 17.70

Hardwood — roundwood 17.40 17.50
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Additional data taken from the textbook by Casey (2) estimate the bark
content at 7-8% of the dry wood weight and the solid volume of a cord at B rt.3

Density data were given as follows:

Applying these data gives the following values for the unit cost for

¢lean wood.

Hardwoods:

FEastern white pine

Aspen

Cottonwood

Yellow poplar

Beech and birch

Maple

White oak
Softwoods: Balsam fir

Eastern hemlock

Jack pine

Spruce

Red pine

Tamarack

Wisconsin:

Southeast:

Mid-South:

Louisiana:

Spruce
Aspen

Southern pine
Hardwood

Southern pine
Hardwood

Southern pine
Hardwood

Density,
1b. 0.d./ft.2

32~

2

Unit cost,
¢/1b. o.d.

22
25
25
3h
35
37

21
21
24
2k

2k
31
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It is evident that unit costs of wood vary considerably.depending on
species and location. For hardwoods, it appears that the unit cgét ranges from
0.5 to 1¢/1b., while for softwoods the range is from 0.8 to 1. 5¢/1b ' It would,
appear that values of Q. T5¢/lb for hardwoods and ld/lb for softﬁoods can be used
in caleulations. Tt should be noted that a unmit cost of ld/lb. is equlvalent to

a cost of $36/ADT for a 50%-yield pulp.

Figure 2 can be used to estimate the potential saviné%'in wood cost for
certain cases:

Case 1: High-yield softwood holopulp for linerboard, -compared with
unbleached kraft for the same purpose. Assuming 'a holopulp
yield of 75% and a kraft yield of 55%, and using 0.8 to 1.3¢
per lb. as the range of wood unit costs gives potential
savings in wood costs of $7-11/ADT.

Cage 2: Semibleached hardwood holopulp for use in mixed furnishes.
Assuming a holopulp yield of 65% and a reference; yield of 50%
and 0.5-1¢/1b. as the range of hardwood unit costs gives
potential savings of $4-8/ADT. .i

Case 3: Bleached holopulp from hardwoods. Assuming a hclopulp yield
of 60% and a reference yield of 45% gives potentlal savings
of $5-10/ADT. i

Case k: Bleached softwood holopulp. Assuming a holopulﬁ yield of 55%-

and a reference yield of h5% gives potential saV1ngs of $6
9.5/ADT. )

These cases indicate that, in general, holopulping would generate:sayings in wood
costs of $5—lO/ADT because of higner yield. The conditions which give very high
savings (high holopulp yield and low reference pulp yield)_do not appear £o be
realistic. The unit cost of wood appears to have the greatest leverage in in-

creasing the savings in wood cost. However, at least in North America, it does

not appear that it could lead to savings in the $15-20/ADT range.
CHEMICAL COSTS

The cost of chemicals is determined in a straightforward manner. The

cost of each chemical is determined as the product of the amount of chemical used
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and the unit cost of the chemical. The total chemical cost is obtained by summing‘
the individual costs. In holopulping, the practice has grown up of expressing
chemical consumption on the basis of the wood rather than the pulp. Thus, yield -
enters into the relationship. A stoichiometric factor, S , defined as chémical
consumed per unit weight of wood can be used to describe the amount of each. chemical
used. The cost of chemicals for holopulp can then be expressed quantitatively as

follows:

_ 1800
cC,H = = (Bpep + Syey + S¢S¢ + chH> (W)

where

- +total chemical cost for holopulp, $/ADT,

-
|

stoichiometric factor for ClOo, 1b./1b. wood,

&

Sy = stoichiometric factor for NaOH, 1b./lb. wood,

§; ~ stoichiometric factor for chlorine, 1b./1b. wood,

§; = stoicﬂiometric factor for hypochlorite, 1b./1b. wood,
g; = unit cost of Cl0z, ¢/1b.

5; '= unit cost of NaOH, ¢/lb.,

3; "= unit cost of Clz, ¢/1b., and

g; = unit cost of hypochlorite, d/lb.

The above equation assumes that chlorine dioxide, caustic, chlorine, and hypochlor-
ite are the chemicals employed in holepulping. Additional chenmicals can be handled

by the addition of more terms in Equation (4).

Since the terms for each chemical are simply summed in Equation (&), it is

clear that from an economic standpoint, one chemical can be substituted for another

in the ratio of unit costs without changing the overall cost.. Thus, A§9 = (EQ/EE)A§E

describes quantitatively how Cls could replace ClOz while maintaining economic
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equality. . Unit cost ratios can be used as a guide  in changing the stoichiometry to
achieve a more favorable cost picture. For example, if A§£ < (32/39)A§2 ’ the
change would decrease chemical costs. As an illustrétion,.if the cost of ClO0z is
10¢/1%. and the cost of Clp is 2.5¢/1b., then 88, < (10/2.5)88, < has, , and it
would be economically feasible to use up to L% Cly to achieve a 1% reduction in the
C10z demand. While the above example is illustrative only, the general principle

of using unit cost ratios to guide substitutions is valid. This principle can

eventually serve as one component in a general optimization procedure.

In order to estimate the order of magﬁitude of the cost of holopulping
chemicals, it is necessary to have some data on chemical unit costs. The following

values may be used as a first approximation:

Clz: 4.7¢/1vb. - Market price (0il, Paint & Drug Reporter) (2)
NaOH: 4¢/1b. Market price (0il, Paint & Drug Reporter) (3)
NaoCl: 8.8¢/ib. Calculated from cost of Clp and NaOH

Cl0a: l}d/lb. Obtained from Chemetics representative.:

It is expected that the holopulp recovery system should reduce chemicallunit cbs£s
substantially below market prices. This will be considered in éome detail in the
next section. Recovery will not reduce chemical coéts to a negligible level
because substantial electrolysis will be involved. In order to make estimates,
it will be assumed that NaOH, Clz, and NaOCl are available at half of the market

price and that C1l0z costs may range from 7.5 to 10¢/1b.

It is also necessary to specify the pulping stoichiometry being considered.
A reasonably typical stoichiometry is 7.5% €10z, 12% NaOH, and 3% NaOCl. Variations
on this stoichiometry can also be considered.' %igure.ﬁ presents calculated chemical
costs for 12% NadH at 2¢/1b. and 3% NaOCl at 4.4¢/1b., and levels of Cl0» ranging

from 3% to 9% at 7.5¢ and 10¢/1b. The curve for NaOH and NaOCl alone is also shown.
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CHEMICAL COSTS, 3/ALT

Basis: 12% NaOH at 24/1b,
— 3% NaOCLl at h.uf/1b.
€102 as labeled (D)

i ! 1 | 1 1
50 55 60 65 70 5
HOLOPULP YIELD, %

o) I

Figure 3. Czlceulated Chemical Costs
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It is clear that the chemical costs are high in holopulping. For the
stoichiometry listed above as reasonably typical, chemical costs could run $25-50/ADT.
This greatly exceeds the expected savings in wood costs of $5-10/ADT. Care must bhe
taken not to jump to conclusions at this point. The cost of chemicals for the ref-
erence pulp have ﬁot been included, nor have other aspects of the total economic
picture. Recovery systems must be considered before ?aking a comparison. The data
in Fig. 3, however, are indicative of a potential for éxcessive chemical costs in

holopulping which would be very difficult to recover through other advantages.

Figure 3 clearly shows that Cl0p is responsible for a large share of the
chemical costs. In sddition, since Cl0p must be generated on-site from chlorape in
all cases, the inclusipn of a recovery system would be expected to have a smaller
effect on Cl0s costs. In order to gain some perspective on the ;elationship between
chemical césts and chemical consumption, it is of. interest to look at the conditions

where the cost of C10p alone would be within the range of expected savings in wood

costs. A plot of Cl0z costs versus the amount consumed for various yields and unit
costs is given in Fig. L. This shows the rapidity with which ClOz costs can rise.

Since savings in wood costs are expected to range from $5 to $10/ADT, it is of in-
terest to look at the conditions equivalent to a cost of $10/ADT. They are 3.6%,

k.5%, and 6.0% Cl0» consumed for a pulp yield of 65% and Cl0» unit costs of 10, 8,

‘and 6¢/1b., respectively, 3.8% Cl0z at 55% yield and 8¢/1b. and 5.2% C10s at T75%

yield and Bdflb. Since Cl0p at Gd/lb. does not seem very relatistic even with a
recovery system, it appears that ClOz costs exceed savings in wood costs when ClOz

usage exceeds 4-5% on the wood (about T% on the pulp).
CHEMICAL RECOVERY

The chemical recovery system must be considered in reaching judgments on

the economics of holopulp relative to alternative processes. Chemical recovery
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determines the effective cost of the chemicals employed in pulping. The chemical

recovery system is responsible for the very low direct chemical costs in the kraft

‘process. One of the hopes is that a holopulp recovery system would significantly

reduce the high chemical costs discussed in the previous section.

The analysis presented in this report is quite general. It is not con-
fined to a ﬁérticular flowsheet or pulping stoichiometry. It is assumed only that
the pulping step produces a spent liquor contgining sodium, chlorine, and organic,
with sodium present in ekcess on an elemental basis, The relative amounts of these
“components and the initial solids content of the liquor are assumed to be variables.
Regardless ‘of the details sf the process flowsheet and the exact proportion of chem-
icals used, the recovery process can 5e thought of as consisting of a2 few méjof
elements. These are as follows.

1. Evaporation to concentrate the liquor.

2.' Combustion to produce a ﬁaCl-Nagcosusmelt and to generate steam.

3. Partial crystallization to separate Nangs from NaCl.

ﬁ. Neutralization of NasCOa with HCL.

5. Burning H, and Clp to form HCl.

6. Electrolysis of NaCl to form NaOH, Clz, and Ho.

7. Generation of ClOz in a Day-Kesting process.

8. Reaction of Clz with NaCH to form hypochlorite.

9, Causticizing NazCOs with lime and calcining the CaCOa.

A1l of the above elements are not necessarily included in the recovery
system, nor are they all major cost items. The most expensive operations aré
evaporation and burning, electrolytic chlor-alkali, causticizing and calcining, and
C10» production. Conversion of Nas(COz to Naéi, cgmbﬁstion of Hs and Clz to form

HCl, and hypochlorite manufacture are costly only in terms of the chemicals used.

e R A R R e L L e U e e amr—rr
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Separation of NapCOz from NaCl and causticization of NazCOz could be very significant

because they permit a nonelectrolytic’ (and hence potentially cheaper ) mefhod for pro-

ducing caustic.

=

L

FAFLLRR -y

The ultimate economic comparison is to be done on a differential basis with

alternative processes. The most representative alternative process is kraft. Thus,

the analysis of holopulp recovery should be made, as far as possible,-on a differen-

e’

tial basis with kraft. This is straightforward when the two processeéﬁyarallel each
other such as in evaporation and burning. It is not easily done when the processes

are divergent. In this case, it is necessary to consider each process sgparately
N * LY

and then compare.

The following steps were used to 'carry out the analysis of recovery eco-

nomics. "
1. The relative costs of evaporation and burnlng were determlned
on a differential basis. Excess costs were charged agalnst the
chemicals produced (i.e., the smelt). i
{
2. Costs of electrolytic chlor-alkali production were detennlned
including allowance for RapsCOs neutralization and a prov1sion
for costs of N32C03-NaCl separation. .

3. The cost of producing ClO0s W1th the Chemetics system was ™
determined.

——— A ol
= *

4. The cost factors for lime-causticizing systems were determined:
These data were used to estimate costs for kraft as well as for
holopulp.

5. The information was integrated and interpreted to give a complete
overall cost picture for holopulp recovery economics.

Evaporation and Burning

This section deals with a comparison of the relative cost of producing
smelt (recovered inorganics) from holopulp and kraft liquors and involves the oper-

ations of evaporation and combustion. Since the details of how these operations
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would be carried out in holopulping are not yet fully defined, it iz necessary to

make a few assumptions.

1. It is assumed that evaporation oflboth liquors will be carried out to
50% s0lids in the same type of evaporatorAwith the saﬁe materials of construction.
The only difference assumed to affect costs is a qifference in the amount of water
to.be evapcrated. It appears that this assumptién gives the benefit of doubt to
holopulp since the presence of chlorides in holopglp liquors could lead to corrosion
problems. Thus, if anything, holopulp evaporators are likely to cost more (rather
than less) than kraft evaporators at the same load. This possibility was negiected

in this analysis.

2.1 It is assumed that the capitél cost for the furnace is dependent on the
total B.t.u. load only_(based on‘the fact that fluidized bhed combustion does not
appear feasible for holopulp liguor so that combustion would have to be carried out
under smelting conditions in some type of furnace — presumably similar to a kraft
furnace). It is further assumed that any savings in burning holopulp liquor in a
low-pressure boiler would be offset by the loss of the ability to generate by-product
electrical power. Both the kraft and holopulp furnaces are assumed to produce low-
pressure steam of equivalent unit value. The uncertainty undeflying these assump-

tions cannot be resolved until the holopulp combustion plcture clarifies.

3. Tt is assumed that labor costs are equivalent for the two processes
and cancel eéch other out. This assumes that labor costs are not dependent on
_ evaporator or furnace load. This assumption could also give the benefit of doubt
to holopulp since the ﬁossibility of corrosion in the holopulp system could lead to

higher maintenance costs.

With the assumptions made abobe, the factors which enter the economic

balance are the following:
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a. Capital charges for the evapcrators which are taken to depend
on load (1b. of water evaporated/ADT),
b. Cost of steam used in evaporators,

¢. Capital charges for the furnace which are taken to depend on the
B.t.u., load, and

d. Value of steam produced from the boiler.
The use of auxiliary fuel to help maintain combustion of holopulp ligquor is not
included in this analysis. If combustion studies do indicate the need for auxili-

ary fuel, an additional cost term would have to be added.

The analysis of evaporation and combustion is carried out on a differential
basis with kraft? with any economic differences between the tweo processes éiéressed
as $/ADT. It is possible to divide this value by the total amount of recovérpd‘
inorganic (ash) per ADT giving a cost for recovering chemical in ¢/1b. Only the
difference in costs between.holopulp and kraft is assessed against the recovered
chemical. If evaporation and burning costs are equivalent between the two processes,

the. recovered NaCl and Naz(C03 are obtained at no net cost.

The charges for both capital and steam for the evaporators are assumed to
be dependent on evaporator load only. Since it is assumed that liquors from both
processes are concentrated to 50% solids, the evaporator load will depend on the
total solids produced per ADT and the initial solids concentration. In order to
estimate the total amount of liquor solids per ADT, the loss in wood material during
Ipulping can be equated to the organic in the liquor. This figure together with the
liquor solids content gives the total amount of liquor.

1800 1 -y \) 1b. liquor (5)

Liquor = Py XA) \‘ v/ 5T

where

s = liguor solids content, ib. solid/lb. liquor,
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i

liquor ash content, -1b. ash/lb. solids, and

e

it

Y pulp yield.

The evaporator load is the amount of water which must bé’evaporatqd'to bring the

solids content up from the initial value, 5 , to the final value of 50%. This is

given by
Ly = (11?0§Af(l§y)(l;s>' oy () (G2 (6e)
o s GDEEE) @

where EE = evaporator load, 1lb. water evaporated/hDT. This load factor can be
determined for both holopulp and kraft by spécifying the yields, ash contents, and

solids contents for each.

It is relatively straightforward to calculate capitéi,and steam charges

+

once the load is known. The capital charges, EE ; are found asﬁ
. - I
..-s
IR e
= — =3 ¢
C; = —% 4%;(7)
~
il
where t .
[
Cz = capital charges for evaporators, $/ADT, O
I. = evaporator investment, $,
R = annual return factor applied to capital, including deprecia-

tion, interest, taxes, and insurance, and

P = annual production rate, ADT/yr.

The investment for evaporators is assumed to depend on the load according

to the usual power law relationship. Then,
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where hp = scale factor for evaporators. The difference in capital charges

‘between the two processes is then given by

. I' |
8l = Cgy - Cgg = gKR [KEEE)HE ‘1] (9)

The costs for steam used in evaporation will be directly related to the
load, Thus, the difference in operating costs for evaporation between holopulp and
kraft can be written as

(Lgy - Lg) g (10)

EH ~ “EK ~ Eq 100

where
Op = operating cost for evaporation, $/ADT,
ES = steam economy, 1b. water evaporated/lb. steam, and
¢g = unit cost of steam, ¢/1b.
The next item to estimate is the load factor for the furnace. This was

assumed to be the B.t.u. loed. This may be taken to be proportional to the total
amount of organic in the liquor as follows.

Lp = 1800(==)u, | (11)

=F

where L. = furnace load factor, B.t.u./ADT, and EV = heating value, B.t.u./1b.

organic.

r
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The capital charge for the furnace is assumed to follow the same type of
relation as that for the evaporators. The difference in capital charges between

the two processes is then given by

(12)

where
Cp = capital charge for furnace, $/ADT,
;; = furnace investment, $, and
_r_g; = scale factor f‘or furnaces._

The amount of steam produced is assumed to be directly related to the
B.t.u. load. It depends on the efficiency of|steam production and the enthalpy of
the stéam. Since steam production is a process credit, it enters this analysis as
a negative operating cost. Thus, the difference in furnace operéting cost between

holopulp and kraft can be written as

Legh ¢s  Dpx €5

80p = Oy -0 = - Ry 100 ¥ Thy 100 (132)
N _s
or ' . AOF = (LFK - LFH) hs 100 (l3b)
where
Op = operating cost for combustion, $/ADT,
N = efficiency of steam production (fraction of total energy

recovered as steam), and

Hi

enthalpy of steam, B.t.u./1b.
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The final item to calculate is the amount of holopulp ash produced per ton.

This is given by

(L -y Xy

(l - XAH)

AH' = 1800 (14)

Yy

where A, = holopulp ash (NaCl + NapCOg), 1b./ADT. The four cost terms can be added

together, multiplied by 100 and divided by the amount of ash. The result is to
express excess costs for evaporation and burning of holopulp over kraft as a unit

cost on the ash. Thus,

e, = (8Cg + 805 + ACH + AOF)/AH (15)

where - differential cost of producing holopulp ash, ¢/1b.

Sa

Estimates were made of the parameters involved in these cost equations to
permit a quantitative evaluation and an estimate of the differential cost of holopulp
ash. The mejor task was to estimate the investment cost for a kraft evaporator and

recovery furnace.

The evaporator investment was based on an average evaporation load of
4.6 1b. HyO/nr.rt.2 taken from the TAPPI monograph on chemical recovery (4). A
total of h-2/5 1b. of water per 1h. of solids will be evaporated in going from 15%
solids to 50% solids. Assuming 3000 1b. solids/ADT and a BOO-ADT/day plant, the
evaporation rate is 292,000 1b./hr. requiring 63,100 ft.2 of heating surface.
Figure 11-34 in Perry's "Chemical Engineers' Handbook," Lth edition (5), gives
installed costs for LTV evaporators vs. total ft.€ of heating surface. For 63,100
ft.%, the cost is $550,000 (1960 prices). Using a cost index chart in Poppers'
"Modern Cost-Engineering Techniques" (6) increases this to about $700,000 for 1968

prices. A table on page 99 of Popper contains additional information for estimating
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costs of chemical plant equipment. For LTV evaporators, he gives $1200/ft.% as a
basic unit cost (1968 prices), 0.53 as the size exponent, and 1.9 as the installation
factor. This would give $1200 x (63,100)0‘55 x 1.9 = $850,000 for the 500-ADT/day
kraft mill evaporator. Taking these two estim;tes into account and the inflation
which has récently taken place, it appears reasonable to assume a value of $1 million

as the investment required for the evaporators for a 500-THD kraft-system.

Data on capital cost of kraft recovery furnace systems were taken from
Fig. 5-46, page 5-99 of "Control of Atmospheric Emissions in the Wood Pulping Indus-
try" by Hendrickson, Roberson and Koogler (l), Vol. 2, Final Report on Contract No.
CPA 22-69-18, March 15, 1970, by HEW (MAPCA). These curves gave estimates of $6
million at 500 TPD and $8.6 million at 1000 TFD for a boiler producing 600 p.s.i.g.,
750° steam, and $7.2 million and $10.2 million at 500 and 1000 TFD, respectively,
for a boiler producing 1250 p.s.i.g., 900°F. steam. Analysis oflthese data gave a

size exponent of 0.51. The lower pressure values were used in this analysis.

A list of the values used for the parameters in Equations (6)-(15) is

given below.

Lig = $1,000, 000 I = $6, 000,000

n, = 0.53 np = 0.91

P = 175,000 TPFY R = 0.25

H, = 10,000 B.t.u./1b. organic hy = 1000 B.t.u./1b. steam
T =0.5 cg = 0.1¢/1b.

Eq = 5 1b. evap./1b. steam Xpag = Xap = 0-33

Yy = 0.65 Y = 0.5

sy = 0.075 S = 6.15

Using these values in Equations (15), (14), (13v), (12), (11), (10), (9), and (6b)

gives the following estimate for EA :
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¢, = [2L.7 - 232 + 774 + 4151/48 = 0.58¢/1b.

This is about one half the market price of NaCl and shows how readily the advantage
of recovery can be ldst with a low-cost chemical. The two terms associated with
the furnace have the biggest effect in this example. The capital cost of the kraft
furnace is higher because of ﬁhé higher load. This is more than offset by the

increased steam production for kraft. The biggest single charge against holopulp,

for the values of the parameters listed above, is the decreased steam production ‘

associated with the higher holopulp yield.

The differential costs of evaporation and burning are strongly dependent
on a few key variables. Evaporation costs are influenced mainly by tpe initial

concentration of holepulp liquor, s and the unit cost of steam. Combustion

s
charges depend on the holopulp yield and the unit cost of steam. Both are influ-
enced by annual return factor, R . Figures 5 and 6 show the effects of these

variables on evaporation and combustion costs, respectively.

It is seen in Fig. 5 that evaporation charges can rise very steeply at low
solids concentration. It is clear that the possibility of serious cost penalties
at low solids contents far exceeds the small savings at high solids contents. It
appears that holopulp spent liquor leaving the pulping and washing operations must
have a solids content of at least 7.5% if excessive costs are to be avoided. To
achieve solids contents of this level will require recycling of pulping liquors,
particularly for the oxidation stages and judicious use of wash water. VWhile pre-
liminary paper ;tudies have indicated the possibility of reaching solids contents of
10% and nothing has been uncovered which would prevent recycling large volumes of
liquor, a detailed engineering analysis of ‘the Qater balance has not been éarried
out. Production of high solids liquor has not been demonstrated in the lab. ?hus,

a reasonably accurate value of the initial holopulp liquor solids content is not
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known at present. It is prudent to expeét low solids liquors. Laboratory pulping .

without extensive interstage washing produces a liquor with a maximum solids content
of about 1-2%. Thus, a fivefold increase in solids content would have to be

achieved by recycling and other water conservation practices to reach the desired

7.5% level.

Figure 6 shows the very strong influence of steam unit costs on cambustion
differential costs. These curves describe that trade-off between a smaller furnace

and lower steam production for holopulp, both due to the higher yield. The break-

. even point is dependent mainly on the unit cost of steam and the annual charge

against capital. At a 15% annual charge, break-even occurs at steam unit costs of -.

about 0.0j}ﬂ/lb., while at & 25% annual charge, break-even occurs at about 0.0SBéflb-
With steam costs greater than the break-even value, the differential charge for com-

bustion against holopulp will be positive.

The net result of the economic analysis of evaporation and burning as

‘epitomized by Fig. 5 and 6 is that it is most probable that these operations will be

more costly to carry out for holopulp than for kraft. This is due to the likely
higher evaporator load for holopulp énd the loss in energy value due to higher yield.
Under unfavorable circumstances (steam unit costs > O.lé/lb. and liquor solids con-
tents < 5%), the differential cost can exceed $5/ADT, which is in the same range as
the'expected savings in wood costs. Tven under favorable conditions, the differ-
ential cost is likely to be around $2/ADT, which would result in a charge against
the recovered NaCl (and NazCOa) of about C.4%-0.5¢/1b. This is nearly half of the

market price for these materials.

Blectrolytic Chlor-Alkali

Electrolytic processes are the conly commercially attractive processes for

forming chlorine and caustic from the recovered NaCl, Holopulp recovery 1is thus
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forced to electrochemical technology for processing all of the recovered NacCl.
Some flexibility does exist with respect to the recovered NaxCOs. It may be
separated from the NaCl and causticized with lime, or it may be converted to NaCl
with hydrochlorie acid. No realistic options other. than chlor-alkali cells are
available for the recovered NaCl. The integration of chlor-alkali technology into
holopulp recovery was considered in some detail in Progress Report Eleven (8). 1In
that report, it was concluded that diaphragm cells appeared more attractive. This

analysis is baged on diaphragm cells.

This analysis of chlor-alkali production is not carried out on a differ-
ential basis with kraft. The reason is‘that there is no paraliel operation in the
kraft process. Production of caustic by causticizing with lime will be considered
& completely separate operation and will be analyzed separately. The procedure
that is used here is to analyze the costs for chlor-alkali and lime-causticizing
separately and assign them to the chemicals produced. The comparison can then be

made.

In the present stage of the analysis, the following factors are includeé

in the cost of chlor-alkali production:

1. Cost of the raw material (NaCl)

2. Cost of electrical power

3. Charges against capital

4. Cost of steam for caustic evaporation.
Labor costs are not included at this stage. In a commercial holopulp recovery
plant, there would be chlorate cells for €10z production as well as chlor-alkali
cells, and labor would be split between them. In this ana;ysis, the labor is

calculated with Cl0s economics.
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The raw material cost will be the cost of the ash plus any additional
charges for converting NapCOs to NaCl or for separation of NaCl f;fm NaoC0Os.  The

cost of producing the ash was discussed in the previous section. .

?Additional

charges will be considered later, It is conceivable that the fgﬁ material cost

’ Sd
. could be higher than the cost of purchased salt because it bears.the full charge

pE i

) Pot] i
for increased evaporation and burning costs relative to kraft.: #Since these steps
Exd
e

would need to be done for pollution control anyway, the charge.wéﬁld exist regardless

of whether or not recovered NaCl was used. Thus, it is possiﬁiéjthat reclaimed NaCl
would be used even though it was more expensive than purchased salt by this method
of calculation. These same consideratioﬁs do not apply to costsﬁof purifying the
recovered material. If the costs of purification are higher than purchased salt
(about 14/1b.), then the recqyéfed méteriai would not be used and purchased material

would be used instead.

-

2

: &
. The cost of power will depend on the amount of power usgq and the unit

. ' - R
- cost of power. The literature gives values ranging from 2600 tqﬁ5b00 kw.-hr. per

4
- Y

ton Clp or 1.3 to 1.5 kw.-hr./lb. Cls. This is d.c. power. Ip%wpuld be necessary

=
g le.. power used.
4,

to adjust this by the rectifier efficiency to get at the actual

It is possible that the use of metal electrodes would lower the E&wFr demand . How -
- |

4

ever, the usual design practice with metal electrodes has been to r?isé the current
density so as to lower capital costs rather than power demand. So;e data supplied
by Chemetics indicate an a.c. power level of 1.31 kw.-hr./lb. Cla. This seems to
be'a little low. Power will be on the order of 1d/kw.:hr., ranging as low as

0.5¢/kw.-hr. in favorable locations.

A large capital investment is required for the chlor.alkali plant. This
includes the investment in the cells themselves, the peripheral electrical equipment,
caustic evaporator, and the equipment for handling chlorine and hydrogen. The

Encyclopedia of Chemical Technology (2) lists the investment for a chlor-alkali plant

" _J
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-a;$87,000per daily ton Cls. 1In this analysis, capital estimates are based on 500
ADT)aay x 500 1b, NaC1/ADT = 125 tons ﬁaCl/aay, which is equivalent to %6 tons Cls
per day. Thus, investment would be 76 x 87,000 = $6.6 million. Popper (6) gives
the following capital cost data (1967 costs) for a chlor-alkali plant: $13,000,000
for 70,000 tons/yr. of chlorine, with a size exponent of 0.69. Then, for a 76-t$q
Clp/day plant, the cost would be 13 x 106(Z$5§6%%9)'69 = $6.7 million. These two
estimates agree amazingly well. It might be argued that the elimination of chlerine
liqueﬁgction facilities and sharing electrical facilities with the chlorate plant
would reduce capital costs somewhat. However, this would be compensated by the faét'

. that the cost data cited above precede the era of rampant inflation. Even if capi-

tal costs were cut 25%, the investment in the chlor-alkali plant would still be

$5 million.

4

Steam costs are primarily associated with the caustic evaporator. In a
typical cell system, about 5 1lb. water/lb. NaOH must be evaporated in order‘to
produce 50% caustic. The cost of steam will depend on the steam economy and the
unit cost of steam. This cost can be reduced by evaporating to less than 50%

caustic.

In order to develop a set of cost equations for the chler-alkali plant,
it is necessary to consider the influence of ash composition. The recovered ash
will contain NaCl and NazCOs in proportions dependent on the amounts of sodium and
chloring in the spent liquor. It is poésible that a portion of the NaxCOs (in-
cluding some NaCl) may be separéted out for causticizing with lime. The remaining
NazC0a must be converted to NaCl by neutralization with HCI. An additional factor
to consider is that some NaCl paéseé out of the system Witﬁ the NaOH prod;ct and is

not electrolyzed. - The following diagram can be used to develop. the necessary

material balance:
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ELECTROLYTIC CHLOR-ALKALT

e
W
5N ~ W NaCl
W NaCOH, Wog | ks Wg NaCl
5 NaCl chlor- W}S WEC wlC NapCOa
i ‘ to
“T ¥ alkali je—=—{ neutralizer separator fe—— o
Hx plant
W pe—
5C1| burner
l HC1
where
W = NaCl is ash, 1b. /ADT,
W, = NazC03 in ash, 1b. /ADT,
Wpg = NaCl to neutralizer, 1b./ADT,
EQC = NazC0s to neutralizer, 1b. /ADT,
Wog = NaCl to cells, 1b. /ADT,
EMS = NaCl to lime causticizer, 1b./ADT,‘
HHC = HNazC0s to lime causticizer, 1b. /ADT,
Mgq = NaCl in product caustic solution, 1b./ADT, and
ESN = HNaOH produced by electrolysis, 1b./ADT, and
3501 net Cls produced, lb./ADT.

The material balance equations over the separator are:

_ . 16)
Mg T Y15 7 Yhs (

= - 17} .
and Moo = Wio - Wig (17

The neutralization reaction can be written as NapCOs + 21CL — 2NaCl + Hz0 + COz.

i Then,

W = Wpg + 1.20- (18)

39 Mo
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and the amount of Cls used to make the necessary HCi is 0.67 Eéc . .The electroly-

sis reaction can be written as
2NaCl + 2/ H,0 — 2NeOH + Hz + Clz .

Thus,

_ I8 55
Yon = 105 - (9) .
However, ESS is a function of EBN because of sclubility limitations at a given
caustic concentration. For example:
at 50% NaOH, NaCl/NaOH = 0.062h4;
- at 40% NaOH, NaCl/NaOH = 0,0892;
at 30% NaOH, NaCl/NaOH = 0.2113.

In general, the quantity p can be defined as the ratic of NaCl to NaOH in the

caustic solution. Then,

Weg = Py (20) ,
agd‘ wSN = IT;%STT; (21)
The amount of NaCl which is actually electrolyzed is given by
W
1.46 wsm i W) (e2) .
The net amount of chlorine produced by the Cﬁlor-alkali system is given by
Weqp = 0.888 Wy - 0.67 Wy, (23)
0.888 Wag
or Voo = TG - 0.67 Wy, (24) .
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The economic equétions can novw be developed.’ The cost of- raw material
for chlor-alkali production is assigned after any separation of NazCOs from NaCl.
It includes the basic cost of the recovered ash and any costs associated with the
separation step that aré‘assigned to the salt-rich stream. The cost for elec;
trical power is given simply as the product of the amount of power used and the
unit cost of power. Tﬁe cost of steam is determined as the steam used times the

unit cost for steam. The operating cost for chlor-alkali is then determined as

the sum of the raw material, steam, and power costs. Thus,
o o r2s You (e +e.) + Yowrce®s | Mss L 0:608K (25)
CA 100 VAT T8l 100E v 1 + (p/1.L6) 100 p

Where

i
jy o Ouy = operating cosp of chlor-alkali system, $/ADT,
E§1 = any costs associated with the separation step assigned to the
galt-rich stream, d/lb.,
EEE = load on caustic evaporator, 1b. Hzoevap/lb. NaOH,
ESCE = steam economy of caustic evaporator, 1b. Hzoevap/lb. steam used,
K = power required, kw.—hr./lb. Cls, and
gp = unif cost of power, d/kw.—hr;
The capital charges will be determined in a manner analogous to that used
for the evaporator and furnace. The base line for the capital cost estimate 1is

7 i 500 ADT/day at 500 1b. NaCl/hDT. Provisions are made for salt loads differing from

the base line. The capital charges can be written as

I..R W,./[1 + (p/1.46)] n
CA 33 CA
Coa = —B 560 ,' (26)

where

=i e
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it

capital charge for chlor-alkali, $/ADT,

)

investment in chlor-alkali for base tonnage; $, and

1

scale factor for chlor-alkali cells.

&g g

The total.costs for chlor-alkali production are to be assigned to the
chlorine and caustic soda produced. In order to determine the cost of chlorine
and caustic, the operating and capital charges are added together and divided by
the total weight of chlorine and caustic produced. Thig is gliven by

w}SLCEc° 0.608w. a 100 IR Wo e ! n

(w, AWy Me, +e.. ) + o . ) Xe + Ch ( a )f‘.ﬂ
i Yag ! et es) 5 = Ke s 2
o = Q. " (l * ,l..ll'E)ESCE 1+ m {l + m}so’o (27) R
e 1.885W

35
( T T o) - 06T Vo

Equation (27) can be rearranged slightly by using Equation (18) to give:

W ¢, +¢ L.t 1..R W n.,.-
[1 - o(425)] —A1Ssb | XS o popre + A I Ly
35 1+ I%HS SCE p 1+ Pzl 500 8
Cer, = Cn = ( - LDWEC (28)
1.22 - 0.67(1 + _ec
1.14 w}s
where

cost of producing Cle, ¢/1b., and

il

Iéﬂ |éﬂ

cost of producing NaCH, ﬁ/lb.

The cost of caustic and chlorine in the holopulp system can be obtained
from Equation (28) once the values of the parameters are estimated. The follow-

ing values can be assumed for a first-order estimate of chlor-alkall costs.
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wlS = WES = W3

cp = 0.5¢/1b., e, = 14/ k. -hr., c. = 0.1¢/1b.,

g = 500 1b./ADT, W,, =10, c., = 0,

5

0.0624, I, = $6.6 million, R = 0.25, P = 175,000 ADT/yr.,

1.4 kw.-hr./1b. Cla, Loy = 5 1b./1b., E

o)

K 2.2 1b./1b.,

n

SCE
and Nop = 0.69. ‘ . ‘

Then,

0.479 + 0.227 + 0.851 + 1.912 1
J

1.2% = 2'74/113' .

FOF the values of the parameters used in this example, the biggest factor
involved in the chlor-alkali cost is capltai charges. This is followed by electri--
‘ cal power, raw material and steam charges, i1n that order. While the cost for
chlorine and NaOH could be reduced somewhat by using & lower unit power cost or a
smaller caﬁltal charge factor, it appears that electrolytic, chlor-alkali would cost

* L

on the order of 2¢/1b. in the holopulp system. :

The cost estimate made above gave the benefit of the doubt tc holopulp
in at least one respect in that 1t assumed that the recovered ash contained only
NaC1l. This would not normally be the case. Typically, the recovered chemical’
would consist of a mixture of Nap(03 and NaCl. In this case, 1t wculd be necessary
to either remove the NapCOs by separation (which could involve a cost, Cq1 ) or the
carbonate would have to be neutralized with HCl [giving a finite value fo; EéC in
Equation (28)]. Either method could increase the cost of chlor-alkali. A s;rles
of plots of chlor-alkali costs versus wt. % NasC0a in the ash 1s given in Fig. 7.
The annual charge applied to capital, R , and the unit cost of power, Ep , are
shown as parameters. The other cost parameters were held at the same valaes cited

previously, except, of course, for the materaial balance gquantities. They were cal-
]

culated assumng a total ash of 500 1b./ADT and no separation of NapCOs.

1
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The caleulated results in Fig. 7 show the pronounced influence of capital

and pover costs on chlor-alkali. Of more interest, however, is the effect of ash
canposition. The cost of chlor-alkali rises as the percentage of NasCOg in the ash
increases. This 1s because a portion of the chlorine is made into HC1l for neutral-
ization and thus £here is less product to bear the charges. However, the cost of
chlor-alkali does not rise as steeply as might be expected. The cost rises only

17.5% for NazC0s increasing from O to 30% by weight. This would indicate that the

neutrajization technique is economically feasible over a reasonably wide range of .

Na»CO3 contents.

It 15 difficult to consider‘the cost of separation of NasCOg apart from
consideration of the economics of alternative p?ocessing steps. Separation is
feasible oniy if a second method of producing caustic 1s avallable. When this is
the case,lfhe method of assigning production costs for chlor-alkall equally between
chlqrine and caustic is not realistic. The cost (and value) of NaOH is determined
by the second caustic-producing method and this is used to allay a portion of the
chlor-alkali costs. The remainder is all assigned to the chlorine produced. In

such a situation, the cost of producing chlorine would be given by:

W .C, +Cop . Loc, T.,R W n.,-1 W,.c
{oaZy (221 3, 0608k, + -5 I L .
% “léimg SCE 500(1 + 1opz) -Bbi0
‘1 ) 5B W (29)

where Cyo = costvof producing NaOH by alternative process, d/lb. It is also
difficult to decide what portion of the separation costs should be assigned to the
carbonate-rich phase and what part to the salt-rich phase. This would depend in

part on the motivation for introducing the separation step. It is clear on




Project 2500 Page 45
Report Eighteen

examining Equation (28) or (29) that any charges for separation tend to appear

additively in the final cost.

Chlorine Dioxide Production

If the holopulp system is to be completely closed and not dependent on
disposal of.by—products, chlorine dioxide must be produced by a process which does
not usé sulfuric acid., There is only one process of this type which has reached
commercial status — the Day-Kesting process which employs HC1l to react with NasClOg
in forming ClOs. The current version of.this rrocess is that of Chemech, and the
economic analysis of Cl0Oz pfoduction is based on their process. The major reac-
tions in the Chemech process are the following:

1. NaCl + 3Hp0 - NaClOg + 3Ha
. 2. NaClOz + 2HC1 — C10s + ¥2Cls + NaCl + HoO
3. NaClOs + 6HCL = 3Clp + NaCl + 3Hz0.
This last reaction is an undesired side reaction. The felafive predominance of the
two generator reactions (Reactions 2 and 3} can be described in terms of the gener-
ator efficiency, 1 , .which is defined as the ratio of chlorate consumed by the
desired reaction (Reaction 2) to the total chlorate reacted. It is then possible

to write an overall generator reaction as follows.
NaCl0z + (6 - LM)HCL = MC102 + (3 - F,M)Cls + NaCl + (3 - 27)Ho0 .

A total of five items will be included in the economic analysié of ClO0o
production. These are as follows:

. - Capital charges

. Cost of electrical power

1
2
5. Steam costs
4. Cost of raw materials
5

. Labor costs.
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The cost of Cl0p production is determined on an absolute basis (and not relative to

kraft) since’there is no direct analogy in éonventional pulping systems.

Most of the information on which these cost estimateS"a;§Ebased was

supplied by Chemech. An initial capital cost estimate supplied'b;'Chemech was
$7.5 million for 50 tons/day of C102. About $5 million of this was for chlorate
production and $2.5 million for the C10» generator. Later, they also supplied cost

estimates for two cases of combined chlor-alkali and C10z plants gs described below.

Case ].
€10 = 47 TED as solution '
Clz = B0 TP all converted to HCL
NaOH = 90 TFD as 30% solution

Capital cost: $15,700,000 which includes land

and site preparation = . -%' $100, 000 '
steam plant ' ‘ ] ‘; $500, 000
working capital S $500,000
Operating costs (per 24-hr. day): i 'HEE‘ o
electrical power : 76k, 000 Ewrghr. ga.c.)
salt (lincluding that in NaOH) j :1l+6 tons
electrode maintenance L $980
diaphragm reﬁlaCEment - $40
maintenance materials $650
steam 615 tons
water { 6.2 million gallons
operating and maintenance labor 35 man-days

supervision 2 man-days. |
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Case 2,
.Cl0z = 38.5 T as gas
Clz = 80 TM all converted to HCl
NaOH = 90 TFD as 30% solution

Capital cost: $14,400,000 which includes land

and site preparation . $100, 000
steam plant ' $400, 000
working capital $500, 000

Operating costs:

electrical power 664,000 kw.-hr. {a.c.)
salt : 146 tons
) electrical maintenance ' $860
diaphragm replacement $h0
maintenance materials { $610
misceilaneous chemicals . $ho
steam 390 tons
vater 6.0 million gallons
operating and maintenance labor 35 man-days
supervision 2 man-days

There is reason to believe that these estimates of capital costs are too
high. If the investment data from the previous section areprojected to 80 TPD Clao,
one arrives at & value for the chlor-alkali plant of $6.9 million. If this is sub-
tracted from the total capital cost in Case 1, it gives $8.8 million for the capital
cost of the Cl0z plant. This is higher than the original estimate of $7.5 million
Tfor 50 TFD of Cl0s. It should also be noted thap the aifference in capital between

Case 1 and Case 2 is only $1.3 million, even though the Cl0, tonnage was reduced
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from 47 to 38.5 TPD and the need for a scrubber and water-chilling plant is elimi-
nated, If it is assumed that all of the difference in ‘capital is due to the
reduction in Cl0z tonnage only, the capital for 47 -TPD of ClOz ié $8.3 million at a
scale factor of 0.85 and $7.2 million at a scale factor of 1. The ve?y high
investment needs for these two cases is even more disturbing since they are supposed
to include significant savings due to integration of power supplies, etc. for both
chlor-alkali and Cl0p plants. The reason for a high gstimate is not known. It

appears unlikely that Chemech would deliberately overstate their cost estimates.

H. V. Casson of Huron Chemicals Limited has supplied capital requirements
for chlorate plants using his cells. In order to supply a 47-TFD Cl0p plant
operating at 95% efficiency, a total of 78 TED of chlorate are needed, Casson
estimates $105/annual ton at that capacity }or a total of $2.9 million for a battery
limits chlorate plant. Thiz does not include the Cl0p generator.t If the same
proportion of costs between generatar and chlorate plant is assumed as in Chemech's

initial estimate, Casson's estimate would translate to about $h.5 million for a

50-THD C10z plant.

At the present time, it appears best to compromise between Casson's esti-
mate and that of Chemech and use $6 million as the capital required for a 50-TFD
Cl0p plant. Chemech has suggested the use of a scale exponent of 0.85 in calcu-

lating capital requirements at other plant sizes.

The power required may be estimated in several ways. The difference in
power required between Case 1 and Case 2 is 100,000 kw.~hr. If this is =21l assiéned
to the difference in Cl0p production (47 - 38,5 = 8.5 TPD), it gives '5.9 kv . -hr. per
ib. of C10=. Data on the original Chemech chlorate plant at Bellingham, Washington,
indicated that between 5800 and 6000 kw.-hr./ton chlorate was required. At 95%‘

generator efficiency, this gives 4.9 kw.-hr./lb. Cl05. There is no fixed single
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value for the power requirement. It is possible to design the cells to operate at

a higher current density (hence, power cost) so as to minimize caﬁital, and vice -

versa. It appears reasonable to use 5 kw.—hr./lb. Cl02 as an approximation of the

power requirement.

Steam requirements can be taken.frem the data furnished for Case 1 and
Case 2 provided that & means of separating the steam used for C1l0p from that used
for c¢hlor-alkali is aveilable. A large portion of the difference between Case 1
and Case 2 is due to the steam required to chill water for thg C102 absorber in
Case 1. In addition, the génerator itself requires about 3.7 lb..steam/lb.‘ClOE
when 3%% HC1 is uéed as feed (information furnished by Chemech). If this.factor

is used to estimate the steam used in the generator, the steam requirement for Cases

1 and 2 can be broken down as follows.

‘Steam Requirement, tons

Case 1 Case 2

‘Chlor-alkali plant 240 240

Cl0s- generator . 175 150

Chiller 200 - ’
' 615 390

For the conventional plant producing an aqueous solution of Cl0p, this would amcunt

to: (200 + 175)/47 = 8 1b. steam/lb. ClOs.

The only significant feed to the Chemech system is hydrochioric acid.
This would be producéd'by burning Hz in Clz apd dissolving the HCl in water. It
has been agsumed that the equipment for forming HC1l and absorbing it is relatively
small in cost compared to the uncertainty in other elements of the system so that

the only significant cost of the HCl is the cost of the chlorine used to form it.

That chlorine which leaves the system as Clz with the ClOz is assumed to be a credit

»
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at the cost of Cla. 1In this case, the only raw material charge is for the chlorine
used to make Cl0z (35.5/67.5, or 0.526 lb:/lb. C102). The cost of other materials

is neglected at this stage of the analysié.

Labor costs can be based on the information furnished by Chemech for Cases
1l and 2, They estimated 35 man~days of ordinary labor and 2 ﬁan~days of supervisory
labor to be assigned partly to chlor-alkali and partly'to €10z production. Assuming
$h0/ﬁan—day for ordinary labor and $80/man-day for supérvisory labor, this becomeé

$1560 _ 1560 x 100 _
50 Eons TaOH + 50 Tons 00z ~ 1b0x 2000 - O-55#/1b.

charged to both caustic and Cl0z production. If all of this labor is charged
against Cl0> (based on the argument that 10z leads to NaCl in ash which leads to

electrolytic recovery), it becomes 1.55¢/1b.

A cost equation can be developed for Cl0z as follovs.

IDR nD-l ‘
°y = 355000 (p/50) + Kye o + Incg 0.526 cop + cpp (30)
where ' ‘
ey = unit cost of producing Cl0p, J/lb.,
ED = investment for 50-TFD Cl02 plant, $,
P = (l0z production rate, TID,
Eb = electrical power requirement, kw.—hr./lb. €10z,
Eg = steam requirement, 1b. steam/1b. ClOa,
S = cost of labor charged to ClOgz, d/lb. €10z, and
ED = scale factor for Cl0p plant.
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A plot of Cl0z costs found from Equation (30) 1s shown in Fig. 8 for certain values
of capital charge factor, R , and power costs, Ep . The effect of plant size 1s

also shown. Values chosen for the other parameters are as’ follows:

1]

$6 million, P =50 TM, K, =5 kw.-hr./lb. C10s,

8 1b. steam/1b. Cl0as, Cg = 0.1¢/1b. steam, -

EEE = 2d/1v., EQE = 1¢/1b. n = 0.85.

AN

Inspection of Fig. 8 shows that the costs tend to fall in the range of 6¢
to 12¢/1b:, depending on the values assumed for the parameters. To get costs as
low as 6¢/1b., it is necessary to have power at only 0.3¢/kw.-hr. (3 mil power) and
a total charge against capital of only 10%. This does not appear realistic’. Ir
5 mil power and 15% capital charges are taken as minima, then the lowest ClOp cost
is 8¢/1b. It could easily range higher. It is obvicus in Fig. 8 that Cl0» costs

are not appreciably affected by plant size. This 1s a consequence of using 0.85 as

a scale factor. .

¥

It appears that Cl0s costs would range from 8 to 12¢/1b., depending on
local conditions, Ten cents per pound does not appear to be too far off as a
typical figure. These may be compared with costs of ClOz by the SVP process taken
from an article in the Sepgember 1971 1ssue of Tappi (;9). It was estimated that
Cl0z would cost 12.4¢/1b. with credit for by;product NapCOsz, and 15.6¢/1b. without

credit. The investment was about $900,000 for a 10-TED plant.

Causticizaing with Lime

In order to complete this analysis of the economics of holopulp recovery,
1t 1s neéessary to determine the cost of producing NaQH by causticizing NaxC{Oz with
lime and the cost of separating NapCOs from NaCl. The cost estimate for causticiz-

ing can also be applied to kraft in the differential cost comparison with holopulp.
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COST OF PRODUCING Cl0s, ¢/1b.
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The reaction in causticizing is exceedingly simple.
Ca0 + H=0 + NazC03 — 2NaOH + CaCOg. This reaction goes to the right because CaCOg

is more insoluble than Ca(OH)s. The CaCOas can be recovered to makekaaththus

éiosing the cycle.

In estimating the costs of producing NaOH by this method, the following
factors are considered:

Charges against the capital investment
. Fuel costs for the calciner’

Rav material costs

. Labor costs

Electrical power for kiln.

L T N S B

Data on size énd horsepbwer for rotary-kiln installations are given in
Table 20-10 of Perry's Chemical Engineers' Handbook, 4hth edition (2), as ééfunction'

of capacity. Approximate purchase costs of rotary kilns are given in Taﬁie 20-11.
For 125 TPD of lime sludge, these tables give a size of lOV;ft.'xl85.ft,,:50-75‘
g b o

horsepower, and & 1960 purchase cost of $220,000. For 190 TP of lime slﬁige, the "

o
size is 10 ft. x 300 ft.; power is 75-125 h.p., and the 1960 purchase cost:ﬂs

S

$300,000. These data would indicate a scale exponent of O.74 Tor kilns. } It is

+

stated that installed costs will run 300-500% of the purchase cost. This i%

because the purchase cost does not include the refractory brick linigg. Thus, 1960
costs for the kiln would range from $600,000 to $1 million for 125 TPD of lime sludge
and from $0.9 million to $i.5'million at 190 TP of lime sludge. It is also stated
that maintenance will average 5-10% of the total installed cost per year, but is de -
pendent largely on the life of the refractory lining. DNo data were found on the
investment needed for the causticizing system. This éonsists mainly of stirred

tanks and clarifiers. It is assumed that the investment would be on the same order

as for the calcination system.
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Fuel costs for the calcinerrtend to be a major operating cost. The
amount of fuel required depends to a large extent on the heat recovery equipment
installed in the calciner. Typically, the héat consumption for a kilp ranged from

8 to 12 million B.t.u./ton of product {Ca0). The cost will depend on the heat

d emand and the unit cost of fuel.

The raw material includes the NapsCOsz which is causticized and any make-up
f
lime that is needed. The cost of the Nax(C0s as'supplied to the causticization
system includes the cost of producing it as a recovered ash plus any additional

charges for separating it from NaCl.

Labor costs can only be estiﬁated at this stage of the analysis. It may
be assumed that 6 man-days of operating labor and one of supervisory-labor are re-
quired for the dally producticn. If, as was assumed earlier, the charges are taken
as $40/man-day of operating labor and $80/man-day for supervisory labor, the total
daily charge would be $320. At 500 lb. NaOﬁ/ADT and 500 ADT/day, fhis comes to

0.1%¢/1b. NaOH.

The electrical power cost for operating the kiln could probably be neg-
lected from the horsepovwer requirements given in Perry (2). Those values were
50~75 horsepower for 125 TPD of lime sludge and 75-125 horsepower for 190 TED of
lime sludge. This amoun;s to about 0.5 h.p. day/ton of sludge or about 18 kw.-hr.
per ton of sludge. Even at a power cost of ld/kw.-hr., this would be only le/ton

of lime sludge. Thus, this element of the cost picture can be neglected.

An equation for the cost of producing NaOH by causticizing with lime is

given as follows.

I .R P -1 c, + ¢ + ¢
s N \"LS B A ¥ Ssep VML
e = 875,000 \ 125, 5) * 5857 ‘B T 0.755 1y tepg, o (31)
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where
Cyo = cost of producing NaOH by ceusticizing with lime, ¢/1b.,
i;s = investment in lime system for 125 TFD NaOH, $,
‘E;_ = actual NaCH production rate, TID,
B = heat consumption for kilm, million B.t.u./ton Ca0,
Cp = unit cost of fuel, d/million B.@.u.,
_? = make-up lime requirement, lb./lb. NapC0y fed,
gf- = unit cost of make-up lime,
n; = conversion efficiency, NaOH/(NaOH + Nggcog) as Négo,
E;é = scale factor for lime system,
g;;% = cost of separating NesCOsz from NaCl assigned to NasCOs,
¢/1b. NapCOs, and
ELSL, = cost of lime system labor assigned to prodgct, ﬁ/lb. NaOH.

It appears useful to assign a set of values to the parameters in Equation
(31) in order to estimate the cost of NaOH produced in this manner, and to determine

the dominating terms. The following values are assumed:

I o = $3,000,000, R = 25, Py = 125 tons NaOH /day,

= 10{million B.t.u./ton product), eq = 4od/million B.t.u.,

= 0.5¢/1b. Na2C0s, Ceep = 0-5#/1b. NaaCls,

= 0.05 1b. ca0/1b. NazCOa, o, = 1¢/1b.,

t o

= Ae

= 0.90, = 0.13¢/1b. NaOH.

LSL

=
Ky

Tnis gives: gy, = 0.857 + 0.14 + 1.548 + 0.13 = 2.675¢/1b. NaOH. This value is
somewhat surprising at first glance because it indicates that the cost of preparing
caustic by this method is of the same order as electrolytie caustic. The dominating

terms in the cost equation are the cost of the raw materials and the capital charges.

Applying these same conditions to kraft would give a cost of l.Ed/lb. because Ca and
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.cSep would be zero for kraff. It is clear that the costs of achieving a separation

of Na,CO0az from NaCl must be kepf to low levels (less than O.Sﬁ/lb. of Naacoa) if

causticizing with lime is to show any economic benefit in the holopulping process.

In comparing the cost of producing caustic by éaﬁsticizin%jwith lime
[Equation (31)] with the cost of electrolytic caustic [Egquation (éé)], it is iilg-
minating to look at the influence of the individual terms. fn déiné this, it i;
reasonable to neglect the costs of fuel, labor, and make-up lime iﬂn%he causticizing
process and the .cost of steam in the electrolytic process. " This leaves capital and
raw material costs for both procegses and,‘ip addition, the power cost for the
electrolytic process. The raw material cost is significantly lower for the'electro-
lytic process, There are two main reasons for this:

1. The causticizing process properly bears the cost for separating
NapCOs3 from NaCl.

2. The costs for the electrolytic proceés are borne by Clz and NaOH.
Thus, the denominator in Equation (28) is larger.

The capital investment in the chlor-alkali plant is significantly greater, but again
the charges are borne by both Clz and NaOH and hence the effect is not as pronounced
as it would seem. Power costs are important only for the electrolytic process and

. ; . - e
this tends to make it more expensive. i

The cost of separation of NapC0s from NaCl is probably the largest single
factor in determining the point at which it is economical to introduce é sypplemen-
tary causticizing system. It is therefore appropriate to examine the cost of
achieving a separation. In the section on cost of cﬁlor—alkali, the material

balance around the separation step was given as

and W

)
a
i
=
(9
|
rz
a
-
‘_l
.,
g
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The recovered ash was assumed to consist of NaCl and NasCOs (in the amounts of-ﬂls

and Elg per ADT), and this was separated into a salt-rich stream (Eé§’ Eég),and a
carbonate-rich stream (ELC, HLS). The feed to the separation step was assumed to

bear the charge, ¢, , applied equally to NaCl and NazCOs by weighf. (This is

A

arbitrary; it could be assigned by mole or any other basis.) The additional cost
associated with the separation step can be assigned to the carbonate-rich stream

and for the salt-?ich stream in any reasonable manner, In most cases, separation
would be introduced only to permif production of caustic by a lower cost direct

" causticization. Thus, the normal practice would be to assign all of the separation
costs to the carbonate stream. In addition, since Equation (31) was set up consid-
'erkng only the NaxCOs, the separation charges should be assigned only to the NazCOs
in the carbonate-rich stream and not to the NaCl which passes through as an inert.

For the same reason, the separation cost should also include the ash cost of the

inert NaCl in the carbonate-rich stream, ELS .

The possibility of separating NasCOsz from NaCl was discussed in Progress
Rebort Fifteen (}i). Solubility data for this system were presented. At higher
temperatures (25002 and up), Négcoa and NaCl are about equally soluble in the
presence of both solid phases. At temperatures near 0°C., the solubility of NazCOs
is greatly depressed. If the composition of the recovered ash is sufficiently
different from 50% NaCl and 50% NasCOs, concentration of green liquor would drop out
the gpecies present in excess and leave a solution containing about équal parts of
each substance. Under pulping conditions developed previously, NaCl would be re-
covered as the solid phase and NaxCO3 in a 50-50 soiution. If Nas(COs were present
in excess, the opposite would Be true. Cooling to temperatures in the range 0-15°C.

would be needed to drop NasCOs from the 50-50 solution.

In estimating the cost of separation here, it will be assumed that Nall

is present in excess and that causticiziﬁg is done on the 50% solution. Tt will
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be agsumed that refrigeration is not needed. The cost of separation will include
charges against capital, steam costs for concentratiﬁg, and labor costs. _ In
addition, it will include the cost of thé ash of the NaCl carried with the carbonate-

rich stream.

The following cost equation can be written:

¢ = IsebR s~ Mie \fSEP +L e, +cC + HE§ c (32)
sep 1750 W,a N 2L0 P sep S sepl W, A
where
Esep f cost of separation assigned to NapCOs, é/lb. NasCOg,
i‘sep - investment in 60-TFD crystallizer, $,
Esep = scale factor for crystallizer,
Esep = evaporation load, 1b. Hz0/1b. NasCOs, and
EﬁepL = cost‘of labor for separation assigned to Nap(C0s, d/lb.

Popper's book (6) gives an estimate of $600,000 for the investment in a 60-TFD
crystallizer with a scale factor of 0.65. The evaporation load would be strongly
dependent on the initial ash composition. For an ash containing 75% NaCl, the
evaporation load would be about 8 1b. HgO/lb. NazC0s5. If it is asgsumed that the
labor force for the caﬁsticizing operation could héndle separation also, then

=0. Steam costs may be taken at 0.08¥/lb. The material balande quantities

2sepE

are assumed to be Eig = 360 1b./ADT and Eig = Ehg

ash is taken to have a charge of O.5d/lb. and an annual capital charge factor of 25%

= Eug = 120 1b./ADT. If the

is assumed, the unit cost of separating out NasC0s3 is given as

Ssep = 0.715 + 0.64 + 0 + 0.5 = 1.855¢/1b. NazCOs.

A separation charge of this magnitude would he prohibitive for justifying

the addition of a causticizing operation. The estimate would not appear to be too
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far out of line. The first terﬁ represents the charge against capitel. The
capital charge factor used (25%) may have been high, but even‘if it is reduced to
10%, the net cost for capital would still be 0.3¢/1b. The second term is the stean
costs. Since the evaporator ;oad is determined by sblubility, it is fixed and‘the
steam cost estimate is reasonable. It could be reduced by going to multiple-effect
operation. However, this would increase the capital cost. The third term repre-
sents labor costs and was here assumed t0 be negligible. This may not necessarily
be the case. The last term fepresents the.ash charge for the iné%t Nan entering
the causticizing stream. It is governed primarily by solubility and ash ﬁnit costs,
so that the estimate value seems reasonable. Thus, separation costs could range

from about 1.5 to 2¢/1b. NapCOs.

The cost of separation is too high fo justify inclusion of a causticizing
_step when the ash is salt rich (O to about 50% NaxCOs }- For this range, it appesarsz
that electrolytic chlor-alkali with recycled HCl to neutralize the NapzCOs in the azn
is more economical. ,For'gsh compositions in mid-range {x 50% NaCl and Nas(0s),
separation could not be achieved simply by concentrating, and cooling would also
have to be employed. In this situation, it migﬁt be feasible to causticize all ~#
the ash and then drop salt from a caustic evaporator. | This same technidque might

well be employed for carbonate-rich ash, This requires further investigation,

Recovery Summary

A comparison of the economic effects of chemical recovery in holopulping
with other recovery processes must 5e based on the effective cost of the chemicel:
produced. The holopulp recovery process is sufficiently different from conven-
tional kraft recovery that a direct comparison of differential costs is not feasibils.
Only the evaporation and burning operations appear to be sufficiently parallel to

permit a direct differential analysis. Accordingly, excess costs for evaporatio:n
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and burning for holopulp are charged to the recovered ash from holopulp. The ash
froﬁ the conventional process is assumed to be obtained at no'charge (if holopulp
evaporation and bgrning costs are less than the conventional process, holqpulp ash
is assessed a negative charge). From that point on, all processing charges are
applied to both cdses so as to determine the net cost of producing chemicals by

either method.

Evaporation and burning costs tend to be higher for holopulp than for
kraftt. The difference is on the order of $l-5/ADT, which would result in holopulp

ash costs of O.2-0.6d/lb. ash. Increased evaporation costs rest on the likelihood

+of a dilute holopulp spent liquor being pfoduced. This is strongly dependent on

pulping and wasﬁing technology and the limits'hﬁve not yet been closely defined.

It appears likely that the dilution will outweigh the lower solids production asso-
ciated with a high-yield pulp so that the holopulp evaporator load would be higher.
Holopulp should require a smeller furnace and hence allower capital charge for the
lfurnace due to the lower amount of solids produced per'ton. However, the corollary
to this is a reduction in steam production since combustible organics in the liquor

would be less, The net result here is alsc generally unfavorable to holopulp.

The first step in regeneration of salt-rich ash is electrolytic chlor-
alkali production including conversion of some chlorine to HCl and recycling it
t0 neutralize the NasC03 in the ash. The net cost of chlorine and NadH produced
by this method is, naturally, dependent on the amount of NasCOsz in the ash. The
costs would range from 1.8 to 2.6¢/1b. Clo and NaOH for a 100%-NaCl ash up to 2.4 to
3.4¢/1b. Clz and NaOH for a 50%-NepCOs ash. The increase in cost is due to the
additional amounts of chlorine which have to be recycled as HC1l for NasCOs neutrali-
zation. However, the rate of increase is not as great as might be expected, and

this approach to holopulp recovery seems economically justifiable over a reascnably

——
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wide range of ash compositions. The cost is dependent primarily on capital chafges,

electrical power costs, and the charge assessed to the ash,

Cost of chlorine dioxide produced by the Chemech process using HCl feed
formed by burning chlorine from the chlor-alkali cells is estimated to range from
8 to lEd/lb. The dominant factors in this cost picture are capital charges,
electrical power costs, and the cost of chlorine for feed,. These valueg can be

compared with a range of 12 to 16¢/1b. Cl0s estimated for the SVP process.

Costs of caustic production through the use of a lime cycle were also
estimated. These are strongly dependent on the cost of the NazCOs feed._ For the
kraft system, where no charge is assessed to the chemicals recovered, the cost of .
caustic ranges from 0.8 to 1.2¢/1b. For holopuip, which would have to bear the
costs assessed to the ash as well as costs for separating NasCOs from NéCl, the
range in costs for NaOH is 3.7 to h.8d/lb. * This is moré-éxpensive than eleétro—
lytic caustic production. It does not appear economically feasible to add a lime
system to the holopulp recovefy process when NaCl is the dominant component of the

ash.

In general, the capital requirements for a holopulp recover& system will
be greater than that of kraft. The major reasons for this are that eleqtrolytic
chlor-alkali systems require a larger investment than a causticizing-calcining plant
and the use of a more elaborate Cl0O» process which includes on-site chlorate produc-
tion. A summary of capital estimates for a 500-TFD recovery system for both kraft

and holopulp is given below.
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Evaporation

Burning

Electrolytic chlor-alkali
Chemech Cng‘
Causticizing with lime

Total:

HoloEulg

$ 1.2 million
k.4 million
6.6 million

6.0 million

Project 2500

Kraft

$ 1.0 million

6.0 million

3.0 million

$18.2 million

$10.0 million
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APPLICATION TO SPECIFIC CASES

The preceding sections have dealt with the general problems of quantifi-
cation of the savings in wood costs due to higher yields, the'applicatigg_of stoi-
chiometry énd unit costs to determine-chemical costs, and estimation of tﬂé unit
costs of chemicals produced by the recovery system. It is now desirable io apply
these findings to some specific cases, The holopulp processes which will be ana-

) -

lyzed are described in some detail in Progress Report Sixteen (12). They are as

follows:
1. Bleached hardwood (red maple) holopulp to be compared with bleached
hardwood kraft.
2. Unbleached, very high yield holopulps from softwoods to be compared
with unbleached softwood kraft (for linerboard).
3. Comparison of the bleached hardwood process (no. 1 above) with and
without full chemical recovery. <1
' }
These analyses will consider only the relative economics of high yield and
chemical costs. The major items which are neglected at this stage of the}énalysis

are as follows: - _ i

l. Differences in capital and operating costs for the pulping and '
washing operations themselves (other than direct chemical costs)
have been neglected. .

2. Any sdvantages or disadvantages in using holopulp in papermaking
have been neglected. Comparisons are made gimply on the basis of
an equal weight of pulp.

%. Environmental costs have not been included in the analysis up to
this point. The elimination of sulfur would be expected to show
some tangible bhenefits to holopulp.

L. No attempt has been made to forecast how the various elements in
the holopulp cost picture would change in the future.

iny judgments arrived at on the basis of the cost estimates presented below must be

tempered by an awareness of the incomplete nature of this economic analysis.




Page 64 Project 2500

Report Eighteen

BLEACHED HARDWOOD HOLOFULP

A procedure for producing & bleached hardwood holopulp is described in
Tables IV and VII of Progress Report Sixteen (}2). This produces a shive-free
bleached pulp with a yield range of from 57 to 60%, a TAPPI brightness of 88, and
good brightness stability. Thé stoichiometry employed in pulping was as follows
{(based on original wood):
Alkali conditioning: 3% . NaOH

Lignin modification: T7.5% C10»
1.33% Clz

Alkali extraction: 7.5% NaOQH

and for bleaching,

Chlorine dioxide-chlorine: O0.77% C10»

0.38% Cls
Alkali extraction: 1.2% NaOH
Chlorine dioxide: 0.4% Cl0»
This gives total chemical consumption as folloﬁs:
8.67% C102
' 11.7% NaOH
1.71% Clg

Combustion of the liquor from such a process would give an ash containing 63% NaCl
and 37% NaxCOs.
The cost of chemicals for holopulp is given by

5737l§~535 {0.0867(8 - 12) + (0.117 + 0.0171)(2.24 = 3.28)] = $?9'82D; 46-70

where Clp and NaOH costs are read from Fig. 7 and a range of 8 - 12d/lb. was used

for ClOp.



Project 2500 ' Page 65
Report Eighteen

v

The savings in wood coéts due to higher yield can be estimated from Fig. 2
once a value of the yield for bleached hardwood kraft is given. An experiméntal
yield of 46% was determined for bleached kraft pulp from the same wood supply as the
holopulp. Assuming 46% yield for the reference and a holopulp yield range of 57-60%,
Fig. 2 shows a range in savings of $7.6 - $9.2/ADT at a wood cost of 1¢§/1b.  Assum-
ing a range in wood unit costs from 0.6 to 1¢/1b. gives a range of pofential savings

of $4.6-$9.2/ADT.

The cost of chemicals for the bleached hardwpod kraft is estimated as
follows. A laboratory cock of these chips was described on page 107 of Progress
Report Twelve (13). The chemical charge was 15% active alkali as ﬁaeo and 28%
sulfidity, to give an unscreened yield of 50.3% and 1.6% rejqcts.lb On a differential
basis, there is no charge for the NégS uséd because i1 does not reéuire further
processing after incingration. The NaCH is a cost item because it requifes the
use of the lime systenm. Thus, the chemical cost for making unbleached hardwood
kraft is estimated as 57%%3 x 0.139 x (0.8 = 1.2) = $4-$6/ADT. This is based on
previous estimates of 0.8 to l.2¢/lb. as the cost of NaOH for kraft pulping. The
estimate of bleaching cost is based on the use of "market" values for bleaching
chemicals (no recovery of bleaching chemicals) and the bleaching conditions described

in Appendix V of Progress Report Sixteen (12). The following consumption data are

expressed as percent on o.d. original pulp.

Chlorination: 2.5% Clz at 4.7¢/1b.

Alkali extraction: 1.7% NaOH at 4d/1b. - ‘ .
Hypochlorite: 0.75% available Cls at 8.8¢/1b.

Chlorine dioxide: 0.6% C10s at 12¢/1b.

Final yield = L6%,

This gives the following estimate of bleaching chemical costs as
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&gf_ﬁés_% (0.025 x 4.7 + 0.017 x b + 0.0075 x 8.8 + 0.006 x 12] = $6.40/ADT.

4
Adding together the pulping and bleaching costs gives $10.4-$12.4 /ADT as the expected
-w".t':I:_;

range in chemical costs for bleached hafdwood kraft in this differential analysis.

This preliminary cost comparison can now be made by deducﬁi@g the kraft

l"

chemical costs from the holopulp chemical costs and then comparing %E% excess holo-

pulp chemical costs against the savings in wood cost. The relevaﬁf?ﬁata are as
follows:
Holopulp chemical cost: $29.80 - $46-70/AD?;3
less:  Kraft chemical cost: $10.50 - $12.40/ADT

Excess holopulp chemical cost: $19.40 - $34.30/ADT

less Savings in wood cost: . $ 9.20 - $ L.60/ADT

1
L.

Excess holopulp cost: - $10.20 - $29.70/ADT J -

It is seen that the cost of bleached hardwood holopulp exceeds the'éégt of bleached

LR I
i

kraft by a significant amount. The excess cost is expected to ranéé_frdh about $10

i

to $30 per ADT depending on cost parameters. This is the amount byf?%icy the
increased chemical cost of holopulp exceeds the savings in wood cosﬁé%% If this
holopulp is to show & net economic advantage, this cost deficit must B% made up by

the factors heretofore neglected in this analysis, such as environmental or paper -

making or product cost advantages.
VERY HIGH-YIEID SOFTWOOD HOLOPULP

The second case for which a specific cost comparison with kraft is desired
is a very high-yield unbleached softwood holopulp which could be suitable for liner-
board or other grades of that type. Pulping studies of this possibility have served

to bracket conditions, but have not yet defined a specific set of process conditions

—r v e e A g MUY TI AR PR 1 AT T ey
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as optimum.  However, it appeafs worthwhile to examine the potential. economics of

such a pulp. .

The following stoichiometries, taken from Table IT of Progress Report

Sixteen (12) are used in this analysis:

Oxidant, % ClOz: 4.5 6.0 7.5 9.0
Alkali, % NaOH: 15 15 15 8
Yield, %: . 75 72 68 73
Kappa number : 87.0 76.3 62.3 61.4

NapCOsz, % of ash: 80.5 Th.7 68.3  62.2

The cost of chemicals for these cases would@ be the sum of the chlorine
dioxide and the caustic cbst§. A dominant feature of all these cases is the fact
that Nagcoavis the major component of the ash.'-'fhis is an asgpect of recovery for
which the tecﬁnical details have not yet been workeg out. The most proﬁising
approach would seem to be causticizing all of recovered ash and then separatihg out
the NaCl in the caustic evaporator. If this is technically feasible, it wouldviead
to a relatively low-cost caustic and a.higher cost for‘chlorine and hence C10z.

The inéreased cost for chlorine and chlorine dioxide would be due to the fact that
electrolytic costs would not be apportioned to the NaOH by weight. It is difficult
to be precise about Cl0g and NaOH unit costs for this situation; however, it would
appear realistic to use costs of 1.2-1.6¢/1b. for NaOH and 9-14¢/1b. for Cl0». Then

the chemical costs per ADT for the cases described above are:.

Cl0z: $ 9.75 - 15.10 13.50 = 21.00 17.90 - 27.80 20.00 - 31.10
NaOH: $ 432~ 5,76 k.50 = 6.00 4.77 - 6.35 2.37 - 3.16
Total: $14.07 —~ 20.86 18.00 - 27.00  22.67 — 3k.15 22,37 - 34.26

The chemical costs for producing a softwood unbleached kraft at 50% yield may be
estimated at $4-6/ADT. (Estimate is the same as the hardwood estimate without the
bleaching cost.) Then the net increase ip chemical cost for helopulp for these

cases is:




Page 68
Report Eighteen

Project 2500

$10.07-$14.86  $14.00-$21.00  $18.67-$28.15  $18.37-$28.26

The estimated savings in wood costs can be determined from Fig. 2 assuming a refép-
ence yield of 50% and a unit cost range of 0.8-1.3¢/lb. for softwood. This gives

he following range in savings in wood costs for the cases considered:

$9.60-$15.60  $8.80-$14.30  $7.60-$12.35  $9.(B-$14.76
}
These cost data may be summarized as follows. $/ADT:
Cl0z used, % k.5 6.0 7.5 9.0
NaOH used, % 15 15 15 8
Yield, % 75 T2 68 >
Holopulp chemical ,
cost 14.,07-20.86 18.00-27.00  22.67-34.15 22.37-34.26
Kraft.chemical )
cost L6 Y h-6 L-6
Excess chemical
cost 10.07-14.86 14.00-21.00 18.67-28.15 18.,37-28.26
Savings in
wood cost 15.60- 9.60 14.30- 8.80 12.35- 7.60 14.76- 9.08
- Net excess cost -5.53 - 5,26 -0.30-12.20 3,61.-19.18

6.32-20.55

The most interesting numbers are for the first case where the net excess

cost for holopulp is estimated to range from -$5.50 to +$5.25 per ADT.

This

indicates that for these conditions holopulp could cost less to produce than kraft.

If a satisfactory linerboard can be produced from holopulp made at 5% yield and

with 4.5% €102, it could be economically attractive.

disappears as Cl0p usage reaches 6% or higher.

This analysis is very preliminary.
carbonate ash is not totally worked out.

ences in recovery of tall oil between holopulp and kraft were ignored.

The favorable econcmic picture

The economics of recovery of high-

Tall oil recovery and possible differ-

The cost
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of the refiners needed to complete fiber liberation was also neglected.,  However,

the crude comparison made indicates there is an economic potential if useful pulps

can be produced at yields of about 75% with C10z limited to }'.5% on the wood.

PARTTAL RECOVERY

At the conclusion of the section on chemical recovery, an estimate of the
capital requirements for a helopulp recovery system was made. The capital estimate
wés distinctly higher than that of & kraft system of comparable tonnage. A large
part of the capital required was.for the électrolytic chlor-alkali cells and for
CiOE production. In order to minimize capital investment, it is possible that
totally closed-loop operation would be avoided. - In this situation, evaporation
and burning of the spent iiquor would be carried out for pollution control purposes
and the ash disposed of. The electrolytic plant would be eiiminated. Purchased
chlorine, caustic, and chlorate (for €105 generation) woﬁld be used. It is assumed
that an SVP ClOz-generating system:wouid be installed to minimize by-preoducts. The
Nap304 from the SVP generator could either be disposed with the liquor ash or sold
as a by-product. It is of interest to compare the economics of such a system with
that using a complete recovery process. The bleached hardwood holopulp discussed

above will be used for making this comparison.

In comparing the economics of full and partial recovery, yield economics
does not enter in. It is assumed that cooking conditions are equivalent. It is
likewise assumed that evaporation and combustion costs are the same. The differ-
ence shows up in the chemical costs for the two methods plus the possible cost fér

disposing of the ash.

The chemical consumption data for the bleached hardwood holopulp were
8.67% C102, 11.7% NaOH, and 1.71% Clp with a final yield of 57-60%. The chemical

cost for this process was estimated to range from $29.80 to $46.70 per ADT for the
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system employing chemical recovery. For the case of partial recovery, chemical
costs can be calculated using market prices and assuming 12¢/lb. for Cl0p with credit
for NagS04 by-product and l6¢/1b. for Cl0z without by-product credit. Then the

chemical cost estimate hecomes:

f

Chlorine dioxide: 8.67% at 12-16¢/1b. 31.20 - 43,90, $/ADT

Alkali: 11.7% at 4d/1b. 14.02 - 14,78, $/ADT

Chlorine: 1.71% at 4-7¢/1b. 2.40 - 2,54, $/aDT.

(]

This means that chemical costs without recovery are $14-$18 per ADTfhigher than they
are with a full recovery gystem. The savings in capital costs would be $7.8 million
for the Chemech system and $7.0 million for the chlor-alkali plant less $3.3 million
for the SVP plant of the desired capacity. This is a capital saving of $11.5 ﬁil-
lion for a SOO-TPb holopulp plant. The annﬁal cost of the higher chemical cost dug
to incomplete recovery is 500 TED x 350 days/yr. x ($14-18/ADT) = $2.45 - $3.15 mil-
lion. This gives a payout time on the incremental in;estment for a full recovery

system of 3.7 to 4.7 years, which is not extremelx attractive.

_The conclusion that the large investment in electrolytic technology gives
a relatively low return ﬁust be tempered by the realization that the‘cost of dispo;-
ing of the ash was neglected. Since the ash would be soluble, it is unlikel& that -
simple landfill techniques could be used without contaminating groundwater or surface
water supplies. In addition, since the ash would contain about one third NasCOs
and two thirds NaCl; it would be difficult to sell as a by-product. Problems in

ash disposal could well provide the impetus for full recovery.
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ADDITTONAL WORK

The economic analysis presented in this reporf is preliminary in nature.
While it has examined in some detail the trade-off in savings in wood costs vs. the
use of expensive delignification chemicals, and the effect of chemical recovery on
chemical costs, there are many aspects of the economic picture which have been
treated only superficially or ignored. These will have to be included in the
econom;c.analysis in order to meet the objective stated in the pr0posal: The‘

Following work on economics is planned for the. remainder of this project.

HIGH-CARBONATE RECOVERY

The technology and economics of recovery wheq the ash is predominantly
NazC0s will bhe examined. This situation is importaﬁt in the high-yield softwood
pulping process where.greater amoupts of alkali are used. It is also the direction
that the recovery system will take as C10z ﬁsagé is curtailed in favor of additional
alkali. Once the recovery technology for NapCOg-rich ashes is defined and quanti-
fied, it will be possible to determine chemical costs over the full rangewof ash

contents.

The analysis of separation of NasCOs from NaCl presented in this report
showed that it is quite costly to separate by concentration only. Concentration
would drop the species present in theAgreatest amount and would leave behind a
solution containing nearly equal parts of.each compound . This is not really what
is desired. Chilling a saturated solution would result in the crystallization of
most of the Nap(COs., 'Howevgr, this would involve refrigeration and would also be
expensive, What would be dgsired would be a method for dropping out the minor
component of the ash. It appears that this could be accomplished by causticizing

the ash solution directly and then dropping the NaCl by concentrating the caustic
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solution. There are some potential technical problems to this approach (such as
the behavior of carryover lime particles) which must be evaluated before caustic

production can be costed.
STOICHIOMETRIC .VARTATIONS

As was stated earlier in this report, the economic analysis of holopulp
is not to be restrictgd to the particular.conditions employed in the laboratory
studies, but rather is to encompass a wide range of pulping variables broadly
delineated by the éteps of thermomechanical defibraticn and sequential treatments
with the chemicals C10s, NaOH, Clp, and NaOCl. There are two major aspects to the
problem of a multivariable analysis of the economics of pulping stoichiometry:

a. Relating the stoichiometric variables to the ash composition
and describing the effect of ash composition on chemical cost.

b. Relating the stoichiometric variables to the effect on wood,
particularly yield, lignin content, and pulp properties.

The first item will be completed with the extension of the current economic analysis
of recovery to carbonate-rich ash compositions. The second item will require more

ingenuity. : E

In order to estimate the effect of stoichiometric variables on yield, etc.,

it is planned to use the data of Stone and Clayton (;E) published in the Pulp and

Paper Magazine of Canada in June, 1960. This provides information on relative

rates of lignin and carbohydrate removal by kraft and soda liquors. It can be

used to estimate the effects of strong alkall treatments before oxidation with ClOa.
By combining the information obtained from Stone and Clayton ﬁifh information gen-
erated in this program on the selectivity and extent of delignification with Cl0z
and alkali, it should be possible to generate a simple mathematical model relating
'stoichiométry to yield and lignin conten@. It may also be possible to:predict ﬁulp

properties to a limited extent. The combination of the stoichiometric model, the
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wood cost information presented in this report, and the extended description of

chemical costs as a function of ash composition can then be used to examine a wide

,
Tt -
St
.1

range of stoichiometric variables.

PULPING AND WASHING OPERATIONS )

The only economic variables considered in the analysis ofzégéping up to
' - ‘
this time have been wood and chemical costs. The capital costs of the' pulping

(and bleaching) vessels, tpe washers, and refingrs héve‘been neglected in the
analysis. Likewise, operating variablés such as éteam consumption, e}$ctrical
power requirements, asnd labor have_begn ignored. The. differences between the
cooking aspects of holopulping and kraft are profoﬁnd and it is likely fhat there
would be significant economic differenqés also, For example, holopulping ten&s

to be an atmospheric pressure Opération, while kraft cocking is carrigqgout at

1

elevated pressures. , Holopulping emplcoys a sequential treatment witﬁugéemicals,
R
g

possibly with interstage washing, while kraft is (except for bleachingjjessgntially

a single-vessel process. Refiners are needed for defibering chips bef@rﬁ oxidation
‘ e R
in holopulping. This step does not exist in coﬁventional'kraft. Additional

differences could be associated with materials of construction due to di&ferenees

I

i

in corrosiveness of the chemicals employed.

This is an aspect of the comﬁarative econcmics of holopulping which has
not received adequate treatment in previous anglyses. The differgnces in cost are
likely to be signifiéant. Thus; it is necessary to broaden the comparative eco-
nomic evaluation of the pulping operation beyond simply chemical costs and wood

costs.




Page Th ’ ‘Project 2500
Report Eighteen . '

ENVIRONMENTAL CONSIDERATIONS

The environmental situation must be included in any comprehensive eco-
nomic evaluation. Environmental advantages have long looméd as one of the plus
factors in holopulping. The elimination of sulfur from the pulping system should
eliminate the odor problem long associated with kraft. There appears to be little
doubt that the process itself should be essentlally odor free and not plagued with
the need to control very small amounts of extremely odorous chemicals. It is
necessary to determine what the economié value of odor-free operation is." The
complete range of eir pollution problems 6f a holopulp mill is a littlé less clear.
A potential exists for emission of chlorine compounds during the pulping steps, ‘
during evaporation and burning, &nd from leaks, cell gas exhausts, etc, All
indications‘are that these szshould be minor and controlleble. The economic impli-

cations of this control remains to be determined.

The state of the water pollution situstion of a holopulp mill is not too
well clarified at present. It is certain that there would be some effluent 'due to
incomplete washing of the pulp. The extent of this and £he chafaéteristics of
such an effluent remain to be determined. It is known that evaporator condensates
have a substantial BOD load and would require treatment of some sort. A large
unknown is the general behavior of the holopulp fiber in the papermaking system.
The long-term stability of the retained hemicellulose and the extent to which the
system will shed fines are just two aspects of the problem. The envirommental

consequences of using holopulp fibers in papermaking must be considered.

It is clear that the economic implications of envirommental problems must
be considered for holopulp. Envirommental costs for holopulp should be compared
with cost estimates for conventional processes. The economic advantage of odor-

free operation should be quantified as much as possible. The complete air emission
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situation should be assessed and control costs estimated. - The water pollution

picture should be defined and comparative .costs estimated. .This evaluation would

include the costs of bleach effluent disposal for conventional processes.

PAPERMAKTNG ECONOMICS

The analysis to date has been based on comparisons of costs for equal
weights of pulp. Since pulp is an inter&ediate whose value is ultimately determined
by the product into which it is ﬁade (and hence by the particular properties of the
pulp), equal weigh£s of pﬁlp do not neceséarily have the séme value. A compfehen-

sive economic analysis must take this factor into consideration.

There gre three broad aspects to the economics of the use of holopulp.
They are as follows:
1. The amount of pulp required to make a particular product.

2. Runnability considerations related to its performance on a paper
. machine.

%, Product quality factors.

The first item is probably the simplest to consider and may well have the
biggest influence on economics. If less holopulp is required to make a given
product {if the desired properties can be obtained with a lighter basis weight sheet ),
this would be an economic advantage to holopulp. The converse would act as a cost
penalty. In a similar vein, if the use of holopulp would permit extension of the
amount of low-cost material used in the sheet (for example, groundwood), the net
furnish could show a cost advantage. Scme of these aspects are under study in the

laboratory and will be factored into the cost analysis.

v

Certain factors such as ease of drainage,'ease of drying, ability to

withstand pressing, wet web strength, etc. which affect the productivity of a
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paper machine  would influence the cost of papermsking and hence affect the worth of

"

the pulp.

These would be included in the- anslysis.

Product quality factors are difficult to quantify. -Ap@?dbvious feature

of holopulp which might give it added value will be included.

FINAL REPORT
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At the end of this work, a comprehensive report on the’economics of holo-

pulp will be issued.
Plus the critical elements of this report.

of the economic status of ﬁoiopulping.

It will include those items of future work discussed above

This should serve as.an overall summary
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NOMENCLATURE
Ay = holopulp ash, 1v./ADT
ﬂéﬁ = cost advantage of holopulp, $/ADT
B = heat consumption in calcining, million B.t.u./ton product
EC’E = Chemical cost for holopulp, $/ADT
QE = gvaporgtor capital charge, %/ADT
g; = capital charge for furnace, $/ADT
g; = cost of wood per unit weight of pulp, $/ADT
g; = differential cost of producing holopulp, ¢/1b.
E; = unit cost of fuel, a/million B.t.u.
E;Q. = unit post of chlorine, ¢/1v. .
&;— = unit cost of chlorine dioxide, ¢/1b.
E;£ = cost of labor charged to ClOz, ¢/1b. C10,
g;_ = unit cost of hypochlorite, ¢/1b.
g_ = unit cost of make-up lime, ¢/1b.
E;gL = cost of lime system labor assigned to NaOH, ¢/1b. NaOH
gg_* = cost of producing electrolytic NaOH, ¢/lb.
5;; = cost of producing NaOH by causticizing with lime, ¢/1b.
E; = unit cost of electrical power, ¢/kw.-hr.
g; = unit cost of steam, ﬁ/lb.
g;i = Costs assoclated with separation step and ass;gned to salt-rich
= stream, ¢/1b.
Cgep = COSt Of separating NasCOs /NaCl assigned to NazC0sz, ¢/1b.
Sgepl, = Cost of separation labor assigned to NapCOs, ¢/1b.
Sy T unit cost of clean wood, ¢/1v.
g; = steam economy, 1b. water evaporated/lb. steam
E— =  steam economy for caustic evaporator, 1b. evapd./lb. steam

w
Q
Je
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EV ' = liquor heating value, B.t.u./lb. organic

h = enthaip& of steam, B.t.u./lb.

;_;A = investment in chlor-alkali plant of 80 TED Cla, $

1; = inve:stmént for 50-TPD Cl0p.plant, $

E; = evaporator investment, $ '

1; = furnace investment, $

Eﬁé = investment in“lime system for i25 TFD NaOH, $

E;;; = investment in a 60-TPD crystallizer, % '

E = electrical power requirement for chlor-alkali, kw.—hr./lb. Cl->
ED = electrical power requirement for ClOp, kw.-hr./lb. Cl0s.
E;£ = load on caustic evaporator, lb. evaporated/lb. NaOH

E;“ = steam requirement for Cl0, generator, 1b. steam/lb. C10z2
E; = evaporator load, 1b. water evaporated/ADT

E; =  furnace load factor, B.t.ui/ADT

L-;ep = crystallizer evaporator load, 1b. Hz0/1b. NazCOs

M = make-up lime requirement, 1b./lb. NapCOs fed

E;A = scale factor for chlor-alkall plant

E;—- = scale factor for Cl0, plant

E; = scale factor for evaporator

E; = scale factor for furnace

E;S = scale factodr for lime system-

g;;; = scale factor for crystallizer

QCA = operating cost of chlor-alkali system

Q;— = operating cost for evaporator, $/ADT

9; =  operating cﬁst for combustion, $/ADT

E_ = annual pulp production rate, ADT/yr.; actual Cl0z production rate,lTPD
BN = actual NaOH production rate, TID
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annual return factor applied to capital

R =
Sq = stoichiometric factor for Clz, 1b./lb. wood

§;- - stolchiometric factor for Cl0z, 1b./1b. wood

§; = stoichiometric factor for hypochiorite, lb./lb. wood

§; = stoichiometric factor for NaCH, 1b./1b. wood ‘

E_ = solids content of liquor, 1lb. solid/lb..liqﬁor

Wig = NaCl in.ash; 1b. /ADT

51; = NazC0s in ash, 1b./ADT-

32; = NaCl to neutralizer, 1b./ADT

Eeg = NazC0s to neutralizer, lb./ADT ,
H5; = NaCl to cells, 1b./ADT

W) g = NaCl to causticizing system, 1lb./ADT

Hu; = NasCOs to causticizing system, 1v./ADT.

E5;. = NaCl in electrolytic caﬁstic soiution, lb./ADT

35; - electrolytic NaOH, lb./ADT

Eﬁgl net amount of chlorine produced, lb./ADT '
Xp = ash content, ib./lb. liquor

x‘ = pulp yield, 1b. pulp/lb. wood or %

] = efficiency of steam prodﬁction; Cl0s generator efficiency

e =  causticizing efficiency, NaOH/(NaOH + NazCOs) as Nag0

p— = weight of NaCl per unit weight NaOH in electrol&tic caustic

A = difference or change operator

subscript H refers to holopulp

subseript K refers to kraft

< subscript

|

refers to reference pulp




S N PRI

Page 80 - Project 2500
Report Eighteen

ACKNOWLEDGMENT

.The author would like to acknowledge the help of Mrs. E, A. Cary for her

care in typing the manuscript.

10.

11.

12,

13.

LN

LITERATURE CITED

American Paper Institute. Monthly statistical summary. Vol. XLIX, no. 6,
June, 1971.

Casey, J. P. Pulp and paper: chemistry and chemical technclogy. 24 ed.
Vol. 2. Wood-pulp. New York, Interscience, 1960.

Chemical Marketing Reporter (0il, Paint and Drug Reporter). New York, Schnell
Publishing Company.

TAPPI Monograph Series No. 32, Chemical recovery in alkaline pulping processes:
a project of the Alkaline Pulping Committee.: R. P. Whitney, ed. New York, .
Technical Association of the Pulp and Paper Industry, 1968.

Perry, J. H. Chemical engineers' handbook. 4th ed. New York, McGraw-Hill,

1963.

Chemical Engineering. Modern cost-engineering téchniques.' Herbert Popper,
ed. p. 99. New York, McGraw-Hill, 1970.

Hendrickson, E. R., Roberson, J. E., and Koogler, J. B. Control of atmos-
pheric emissions in the wood pulping industry. Vol. 3 (final report).

p. 5-99. Gainesville, Fla., Envirommental Engineering, Inc., and Greenville,
5.C., J. E. 8irrine Co., March 15, 1970. 250 p.

Grace, T, M., Project 2500, Report Eleven. Appleton, Wis., The Institute of
Paper Chemistry, July 15, 1970.

Encyclopedia of Chemical Technology. H. F. Mark, J. J. McKetta, Jr., and
D. F. Othmer, eds. 2d ed. New York, Interscience, 1963.

Partridge, H. deV., Atkinson, E. S., and Schulz, A. C., Tappi 54, no. 9:1484-7
(1971).

Grace, T. M. Project 2500, Report Fifteen. Appleton, Wis., The Institute of
Paper Chemistry, Oct. 4, 1971.

Jamieson, R. G., and Nichells, G. A. Project 2500, Report Sixteen. Appleton,
Wis., The Institute of Paper Chemistry, Aug. 7, 1972.

Jamieson, R. G., and Nicholls, G. A. Project 2500, Report Twelve, Appieton,
Wis., The Institute of Paper Chemistry, May 18, 1971.

Stone, J. E., and Clayton, D. W., Pulp Paper Mag. Can. 61, no. 6:7307-13 (1960).



Project 2500 Page 81

Report Eighteen

THE INSTITUTE OF PAPER CHEMISTRY

7 7// s pee.

e T. M. Grace, Research Associate
Division of Materials Engineering
and Processes

i
ool
ot




