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papermaking in North America 

u Host trends and innovations originate in one area and then 
migrate to other regions, to be accepted, adapted, or 
rejected The phenomenon is most obvious in fashion and music, 
where trends come in vogue and then fade away to the racks of the 
Goodwill stores or to Muzak and “oldies” radio stations. Technical 
innovations, ontheotherhand,arejudgedmoreontheirvdueand 
remain until replaced by the next innovation. 

Inthecaseofalkalinepapermaking,thetrendseeninEurope to 
move away fi-om acid-based papermaking has been well accepted 
and the technology has spread to mills in North America. 

The alkalinerevolution 
Wood-j;eepqers 

European producers ofwood-free printing and writing papers 
began switching kom acid to alkaline papermaking systems in the 
1960s. The driving force for the change was a desire to reduce costs 
by increasing the mined content of their wood-kee papers, thus 

reducing the amount of expensive chemical pulp. Abundant de- 
posits of chalk, limestone, and marble in Westem Europe made 
these forms of calcium carbonate an attractive option as a filler. 
Calcium carbonate is solubleinacidsystems, sotheearlyproducers 
of carbonate-tilled papers had to change the chemistry of their wet 
ends to an alkaline pH. 

Fiber and energy savings were the immediate benefits, but it 
soon became apparent that the alkaline sheets were brighter, 
stronger,andprovidedsuperiorprintability.Thequalitybenefitsset 
off a boom in alkaline conversions, changing the face of European 
papermaking. 

North American papermakers were aware of the changes 
takingplaceinEurope, but theysawnocompellingreason tojump 
on the bandwagon. Abundant supplies ofcheap chemical pulp and 
kaolin tillers removedanyimmediateincentive to mod&ytheclassic 
acid papermaking system. More important, most customers were 
happy with the product, so the reasonable approach was to sit tight 
and avoid rocking the boat. 
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One notable exception was the U.S. Library of Congress, the 
nation's largest book raositorv. With an estimated 6 million 
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proximately 1.3 million tons was being produced under neutral 
conditions on eight paper machines, with another 0.6 million tons 
produced under pseudoneutral conditions on eight smaller ma- 
chines, for atotal38Yoneutral or pseudoneutral production. Today, 
almost 50% of European LWC production is produced under 
neutral or pseudoneutral conditions. 

In the meantime, North American mills were producing acid 
LWC using tradtional coating fomulationsall day, lots of 
starch, with calcined clay or titanium dioxide thrown in for opacity. 
From the standpoint of pigment cost-the major incentive for 
European papermakers-there wasno 
reason to switch to calcium carbonate. 
Sothesecondwaveofthealkalinerevo- 
lution remained a curious European 
phenomenon. Curiosity turned into 
concem when North American print- 
ers began importing large quantities of 
carbonate-loaded LWC paper from 
Europe during the 1980s. 

The first North American LWC 
mill to go neutral made the move in 
1988. Changing the pH of the wet end 
was not a principal goal. The mill sim- 
ply wanted to improve coating rheol- 
ogy so it could run the machine faster 
and produce more paper. Pilot coating 
trials demonstrated that speeds could 
be improved signhcantly by adding as 
little as 10-15 parts calcium carbonate 
to their traditional clay-based coating 
formulation.Themillmodifieditscoat- 
ingformulationandincreasedspeedby 
more than 10%. With coated broke 
entering the papermaking system, the 
mill allowed the wet end to gradually 
shift to a neutral pH and then started 
adding 1-2% carbonate mer at the wet 
end to buffer the system, reduce fiber 
content, and increase sheet brightness. 

Since then, eight other North 
American LWC machines have con- 

some. North American experience from the nine neutral conver- 
sionssince 1988should,intum,makeiteasierfortheother&that 
are planning to go neutral. 

Cad"teC0QtingsforLWC 
The driving fmce fm wmversion 

The outcome ofthe alkaline revolution inthewood-fieegrades 
is no longer in question. Bythe end ofthe century, virtually all ofthe 
coated wood-fiee grades in Europe and North America will be 

alkaline, and coatings for these grades 
d contain high levels of carbonates. 
Theactionhasmovedon tothecoated 
groundwood-containinggrades, espe- 
cially in North America, where the 
push for neutralpapermakinghas been 
driven entirely by the coating end of 
the production process. 

Machine speeds tinallyreached the 
pointwheretherheology oftheNorth 
American clay-based coatings became 
a limiting factor in machine produc- 
tivity. When d s  learned that they 
could increase speeds considerably by 
substitutingaslittleas lopartscalcium 
carbonate for day in the coating for- 
mulation, they began converting their 
wet ends from acid to neutral. 

Like the wood-free papermakers, 
they foundthat calciumcarbonatepro- 
videdseveralothersipficantbenefits. 

b Superior brightness of calcium 
carbonate reduced the demand 
for costly calcined clay 

the demand for binder adhesive in 
the coating 

b Improved drainage reduced the 
demand for steam in the dryer 

b Stronger coated surface reduced 

verted to pseudoneutral conditions. (Most ofthe North American 
mills are still using alum.) Lured by the prospect of higher coating 

b Higher sheet strength reduced the demand for chemical 
fiber and allowed the use of more broke in the fumish 

b Alkaline wet end reduced refining-energy requirements. speeds,thesemills-have also loweredthei&o& ofproductionwluli 
increasing sheet strength, brightness, and printability. Several mills 
have increased sheet brighbess by 3-4 points at equal opacity, 
forcing competitors to boost the quality oftheir sheets by addmg 
more titanium dioxide or chemical fiber. 

Still,thesebenefitswerenotobtainedwithouta price. bldlshave 
had to tinker with retention aids and biocides while coping with 
pitch fomation. However, the European experience with these 
problems has helpedmakethe conversions somewhat less trouble- 

Themills were also well aware that thesebenefits came at a price 
in the form of higher costs for biocide, retention aids, and talc. 
Pigment costs were not considered to be a sigdcant factor. 
Suppliers ofground calcium carbonatehadsteppedupthe~efforts 
to provide a steady supply of pigment, and with seven GCC plants 
operating in North America, the cost ofground calcium carbonate 
and are now amparable* 
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For filler applications, many mills were attracted to the idea of 
producing synthetic calcium carbonate in on-site satellite plants. 
The technology was appealing from a cost perspective, and the 
ability to produce calcium carbonate in house guaranteed a stable 
supply ofthehigh-brightness pigment. Onemill madetheleap, and 
then another, creating a bandwagon effect as mill after miU set up 
on-site carbonate plants in the late 1980s. The boom tapered off as 
m i l l s  began to understandthe hidden costs associatedwiththe new 
technology. 

Thehiddencostof 
alkaline paper 

Calcim carbonate (CaC03)+ne of the most common, 
stable, and widely dispersed materials in the world--occurs natu- 
rally in oyster shells, limestone, chalk, and marble. Natural carbon- 
ate is mined from surface deposits; synthetic carbonate can be 
formed by any of several chemical reactions. While both materials 
share the same chemical formula, their shapes are quite different. 
Naturalgroundcalciumcarbonate (GCC)isrhombohedral,sortof 
a slanted cube. Precipitated calcium carbonate (PCC) is 
scalenohedral, a shape that brings cadiflower to mind. 

The wide availability of natural calcium carbonate in Europe 
made this the pigment of choice in European papers and coatings. 
The situation was different in North America, where the wide 
availability of kaolins made them the tradtiond papermalung 
pigment. When the alkaline revolution swept through Europe and 
across the Atlantic, therewassome concemabout theavailability of 
GCC. Consequently, many North American mills opted to set up 
satellite plants, where they generated precipitated calcium carbon- 
ate (PCC) fiom boiler flue gases and lime. 

The PCC plants were competitive with GCC on a pound-for- 
pound basis. As an added bonus, the irregularly shaped PCC 
particles were touted for their opadjmg power-+ function ofthe 
light-scattering efficiency of the chunky PCC particles. The down- 
side was that the irregularly shaped PCC particles could not be 
packed together as efficiently as the blocky GCC particles, resulting 
in a weaker sheet. This imposed limits on the amount of PCC filler 
that could be added to the sheet. 

At first, this was not a problem. After all, papermakers were 
concemed primarily with the rheology of the coatings and the 
associated increase in the speed and q d t y  of the coating process. 
There was also widespread apprehension about trying to accom- 
plish too much in ashortperiod oftime. The changes tothe coating 
formulations andthe wet-endchemistrywerescary enough. In the 
minds of machine managers and mill superintendents, high filler 
contents spelled potential trouble. They liked PCC because its high . opaclfylngpower madeit possible to produce analkalinesheetwith 

very little filler. But once their neutral systems were operating 
smoothly, attention began to shift to the impressive economic 
benefits to be gained by increasing sheet mer levels. The problem 
was that sheet strength sderedwhen PCC was used as a filler. MIUS 
with sizable investments in on-site plants now find themselves 
underutilizing their PCC production capacity and purchasing 
supplemental GCC to maximkt filler loading, reduce sizing costs, 
and increase speeds. 

Slurry solids were another issue. The rheology of PCC coatings 
limited the solids content to about the same level as clay formula- 
tions, while GCC solids could go several points higher. PCC 
coatings also required much more binder than GCC coatings. All 
ofthese factors have contributed tothegrowing popularity ofGCC 
in North America, a trend accelerated by the routine availability of 
ultrafine grades of GCC, allowing even hgher filler loadings and 
better drainage. 

Papermalung is a capital-intensive industry, which is another 
way of saying that the cost of the machinery far outweighs the cost 
oflabor. Large investments in physical plants have made it possible 
to produce vast quantities of paper at reasonable cost. The tradeoff 
is that the sheer magnitude of such investments is an impediment 
to rapid change. Still, market forces compel incremental change, 
even in the most stolid of industries. The alkaline revolution now 
under way in North America is proof that the irresistible force has 
the power to move the apparently immovable object. 

In recent years, U.S. printers have imported 700,000 tons of 
European paper. The reason: North American papermakers are 
producing sheets that are stiffer and more opaque than they need 
to be from the standpoint of printability. European papermakers 
operateat lower opacityandstiffnessspeclfications-andat alower 
cost-with improved print quality. 

If North American papers are to compete in a global market- 
place, papermakers wdl have to emulate their European competi- 
tors and leam to produce a better sheet with less fiber. European 
papersnowcontaint as much fdlerashericanpapers, butthe 
gap is closing. Clearly, filler levels in paperwill continue to rise, with 
papermakers becoming increasingly reliant on GCC to maximkt 
filler loads. The only uncertainty is the rate of change, which will be 
determined by the magnitude ofirresistible economic forces oper- 
ating on a massive but movable object. 

Burke is afreelance writerspecializingin thepulp andpaper industy, 
101 1 Larch Ave., Takama Park, MD 20912. 
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Surveq finds varqing uses and vielus 
0 p a p e r F I I e rs customer demands for optical properties: addition, ‘‘ow filler 

- 

clay is cost effective for fiber replacement (but) bulkis a problem.” 

survey conducted early this year on 
behalf of TAPPI was sent to 741 North 
American d, of which 195 responded 
(26.3%); ofthose, 143 ofthe m i l l s  (19.3%) 
use mer. The responses &om the 143 mills 
were tabulated and grouped by whether the 
mill runs an acid-, neutral-, or akahe- 
based system. Roughly 43% of the respon- 
dents are running acid, nearly 17% are neu- 
tral, and 40% are alkaline. 

As a whole, the 143 mil ls account for 193 
paper machmes. Most (42.5%) of the ma- 
chines are used to produce uncoated 
fi-eesheet, 22.8% are used to make coated 
fi-eesheet, 15% areusedforuncoatedground- 
wood, 13.5% for coated groundwood, and 
the rest are assigned to various other grades. 

Dailyproductionwasreportedfor 169 of 
the 193 machines. Of those 169 maches, 
29.6% (50) produce no more than 200 tpd 
of paper. Another 27.8% (47) produce 
201-500tpdofpaper; 22.5% (38) produce 
501-900 tpd; 12.4% (21) produce 901- 
1300 tpd; and 7.1% (12) produce 1401- 
2500 tpd. One mill (0.6%) produces be- 
tween 4901-5000 tpd. 

Acid 
As might be expected, with few excep- 

tions,mills runningacidlimitedtheirchoice 
of filler to clay or calcined clay, primarily for 
opacity or surfsce properties. A few also 
added TiO,. Several identitied low cost for 
opacity as an advantage of clay. Others, 
however, considered the cost for opacity 
high. Abrasiveness was also a concem. One 
rmll using#;! clay, for example, noted that it 
is hard to retain in the sheet, reduces sheet 
strength, and hurts machine runnability 
(in LWC). 

Grades -Total 
Another mill commented that its clay 

fillers improve opacity and brightness for 
coatedgroundwoodandtheyprovidemore- 
uniform sheet properties. Weaknesses in- 
clude reduction insheet strengthand buildup 
on the paper machine and dryers. 

Grades produced at all mills responding, 
by number of machines (YO) 

Grades - Acid 

Grades produced at responding acid mills 

Grades - Neutral 

Grades produced at responding neutral mills 

NC3ltI.d 
Just over 9% of the surveys returned 

came fi-om mills operating neutral systems. 
Those 18 responses account for 23 ma- 
chinesusedprimarilytoproducecoatedfree 
sheet (43.5%). Most of the 18 use mer for 
opacity, followed by brightness. 

The m i l l s  running neutral were least 
predictable in their choice of filler: some 
preferred clay, others preferred calcium car- 
bonate, others used a blend, and several 
added TiO,. A common complaint was the 
cost of TiO,. 

One respondentwho has threemachines 
running neutral uses PCC on one of the 
machines to supplement TiO,. (The re- 
spondent longed for a friendher precipi- 
tated calcium carbonate supplier, however, 
one more willing to help with the switch to 
alkaline and easier to deal with on cost.) 
Another said, “we have to use coated broke 
to keep the mill in balance. TiO, is added for 
opacity and PCC for chemistry.” 

Yet another mill,whichproduces coated 
fi-ee sheet and coated groundwood, uses 
about 85% filler for fiber replacement. The 
mill blends PCC and ground calcium car- 
bonate. It describedthestrengths andweak- 
nesses of each as follows: 

0 Precipitated-debondining, harder 
dryulg, higher steam usage, better opacity 

0 Ground-better running with re- 
specttoeasierdrymg,lowersteamusage;not 
as good an opacifier; better with respect to 
higher loading with less debonding. 
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One respondent who uses clay and PCC listed brightness and 
opacity as the strengths offillers in acid, poor adhesion and dusting 

A little more than 24% of surveys returned came fi-om mills as weaknesses. That person listed fiber replacement and brightness 
runningalkalinesystems.Those47millsrunatotalof58machines, asstrengthsoffillersinalkaline;lowporosity,weakerbonding, and 
ofwhich62.1% are used to produceuncoatedfreesheetand27.6% increased drymg time were listed as weaknesses. 

Alkaline 

. -  
are used to make coated fiee sheet. Theswitchtoalkalinehasapparentlybeen 

succes4.d enough for one mill that the re- Grades - Neutral Most ofthealkalinemills used some form 
of calcium carbonate as filler. One mill that 
blends fillers uses PCC to increaseopacityand 
brightness but notes that PCC lowers physi- 
cal strength. The mill favors GCC for fiber 
replacement anditsabilityto decrease dqmg 
time. 

In contrasting ground and precipitated 
calcium carbonate, a respondent said GCC is 
cheap but doesn’t give opaclfylng properties 
whde PCC, though more expensive, gives 
excellent opacity. The drawback of PCC is 
that it decreases the intemal strength of the 
sheet. 

Finally, one respondent whose mill pro- 
ducesuncoatedfi-eesheetregrettedtheswitch 
to alkaline and was particularly critical of 
PCC. “PCC is awful for paper quality and machine 
runnab ility... causes high porosi ty... causes dusting on printing 
pr esses...is very difficult to retain...andvery expensive,” the person 
wrote. 

Combinations 
About 5.5% of the respondmg m i l l s  that use filler run split 

systems.Mostoften,onemachinerunsacid,anotheralkaline.Some 
mills even run acid, neutral, and alkaline. Percent filler for fiber 
replacement was a maximum of 20% among mills running split 
systems. With few exceptions, the main grade produced by those 
m i l l s  was uncoated free sheet Coated groundwood accounted for 
most of the production at three or four of the mills. 

spondent would like to change two of the 
machines still running acid That mill uses 
PCC for its coated fi-ee sheet, demiiing the 
filler as a good opacifier for the money. 

Another mill using PCC for uncoated 
free sheets has found the a h h e  system to 
bemorecomplicated. It alsorequireslonger 
boil-outs andmachine cleanups. However, 
it allows the mill to use more filler for fiber, 
without strength loss. 

A respondent who uses clay and PCC 
would &e a filler with “more brightness 
without loss of bulk and stifhess.” That 
person would also like to see a filler devel- 
oped that could be more universally ap- 
plied to various paper grades. 

Results ofthe survey also indicate a keen interest within the paper 
industrytoreduceproduction costs,adrivjngforceintheconversion 
to alkaline p a p e ” g .  It then allows papermakers to take advan- 
tage of the higher strength properties of alkaline fibers and use less of 
th-ubstituting filler for fiber. That, in tum, allows for notable 
savings and improvements in paper propedes. Smey results and 
literature indicate that papermakers can increase filler use after 
conv~gf i -omac idand tha t f i l l e r s suchas~o~dca lc i~~~~te  
could be used at even greater levels than reported by most respon- 
dents. 

Strengths and weaknesses of fillers (Based on survey responses) 

Strengths 
&y Calc. Clav 
Low cost Opacity 
Performance (Brightness) 
Consistency 
Low abrasion 

Weaknesses 
gay c-v 
Poor brightness cost 
Felt filling Felt filling 
Dirties machinery Crumbling 

m 
Opacity 
Good bulk 
Brightness 
On-site prod. 

m 
cost 
Strength weakened 
Poor retention 
Hard to size 

a I Ti0 
Low cost Opacity 
Better drying 
Higher loading 
Less debonding 

m 
Opacity 
Wear 

m, 
cost 
Strength 
weakened 
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