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1 D ON

Hundreds of pilot plant and dozens of semi-commercial pulping and papermaking
trials have been conducted on random and sclected mixtures of tropical hard-
woods. The morphological parameters, the pulping rosponse and the handsheet
characteristics of literally a thousand species have been reported in the
last 25 years (Ref. 1),

These studics copsistently reveal that cach major tropical forest section

in the world has numcrous hardwood specivs satisfactory tor papermaking pulp.
In general it is found that about half of the specics (pot the standing
volume') are suitable for kraft, about a third tor NSSC or cold soda, a
quarter for sulfite and dissolving, ond 10-207 tor groundwood or modilied
groundwood.

In view ol the huge, cxisting growing stocks, these proportions ought to

have resulted in the establishment of large pulping centers in various parts
of the world. That this failed to take place is probably due to the following
major factors:

(1) The local markets are small, poorly dcfined and/or unstable.

(2) The infrastructures required to support a major industrial complex
are abscnt or inadequate (roads, power, ports, transportatiom,
maintenance, technicians, etc.).

(3) The logging conditions are extremely adversc and a wide variety
of serious tcchnical obstacles are associated with manufacture of
pulp and paper from these hardwoods.

This report concerns itself only with the technology of conversion to pulp
and paper. However it is obvious that a thorough analysis of the marketing
and civil enginecring problems must be conducted before serious consideration
is given to the cstablishment of a mill (Ruef. 2).

BACKGROUND

Investigators of tropical hardwoods for the manufacture of pulp and paper
have gencrally been optimistic about large-scale technical feasibility.
However, many predictions of processing ditficulties can be found in their
reports. Isolated attempts to objectively detine these problems were made
through semi-commercial operations such as the Ivory Coast installation in
the early 50's. Tne results of :uch trials bave rarvly beca made public.
It was not until the mid-sixties that onc could assume a successiul tcchnology
had been cstablished. In that decade five companies built facilitics for
pulping only mixed tropical hardwoods, and a dozen mills in India and Japan
supplementued their morc-favored raw materials with suhstantial propurtious
of MTIM's (mixed rropical hardwoods),
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A few of these mills have reported some of thefr operating experiences

(Ref. 3, 4, 5), but a uscful hody of evidence was not astabliched,
Thercforc, when St. Regis was asked if it could make a contribution to this
mceting we offered to conduct a letter survey of companies known to be
cooking MTHW in order to obtaln a spectrum of operating prohlems specific

to this raw materici. UNIDO also requested that factors which have hindered
the growth of this industry be id-ntified, that suggestions be made for the
elimination of manufacturing difficulties, and that long-range programs be
formulated which would permit the full-scale continuous usc of tropical
hardwoods for pulp. These last two requests are particularly challenging
to North American pulp producers, who have successfully solved all the minor
production problems associated with thejr hardwoods,

SCOFE OF SURVEY

The survey was to exclude tropical plsntation grown species (e.g. eucalypta),
and it was originally intended to restrict it to mixtures. However, the
experiences of users of single species or gerera wvere drawn upon in order to
illustrate possible solutions to general problems (e.g. latex, via heavea sp).

Todsy only five mills have operating lines processing only MTHi's., Most of

these mills are integrated, i.e. use the pulp they manufacture. One outstanding
exsmple, Carton de Colombia, is here today disclosing for the first time the
factors which assured their successful operation. Two more mills will be going
into production shortly. Several mills in India are processing small proportions
of MTIN's (10-25%) and bamboo, etc. Six mills in Japan are known to be using
selected tropical hardwoods to augment their native supplies (Ref. 6).

Useful replies were not received from all of the mills, and it was necessary

to supplement this information by reference to the litersture and by communications
with the experts of tropical iorestry research institutions, consultants, and

Paper Industry Associations. The cooperation of these contributors is acknowledged
with gratitude. 1t is our sincere hope that today's disclosures will encourage
others to record their experiences for the benefit of those who must some day
utilize this vast, troubleaome resource.

RESVLTS OF SURVEY

A list of the mills comtacted in the courae of this sucrvey is given in Table I,
The tabulation shows who replied to the questionnaire, the mixtures and the °
pulping processes in use, Carton de Colombia, PICOP and Rustan are shown for
the sake of completeness. Thc latter two indicated a willingness to share
thetr experiences, once they have substantial production experience. Other
speskers on today's panel will reveal additiona) mills snd details, especially
for India,

Many suggeations for additional information and possible users, or trial
users, were followed up. Most of these led to orgsnizations deep in planning
studies who understandably could not discuse their techuical information.

The tabulstion thevefore reopresents, to the best of our knowledge, an accurate
and up-to-date list of major uscus of mixed tropicol hardwoods,

The responses trom the individuai mills and abstracts of key literature
describing operating cxperiences have been reduced to 'case histories' and
are appended to this report.
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The practical experieaces of these mills have been collated by manufacturing
functions and arc describad helow under appropriate headings. Comments and
suggestions for improving cperations, pased on the auvthor's expericences and
the suggeetions of experts, are given at the end of e¢ach section.

PRACTICAL EXPER LENCES

Wood Progurement

llp to one or two hundred species may exist {n the procurement ared of a mill.
0f these only a portion are suitable for any given type of pulp. Very low '
density woods may be uncconomical with respect to yield, strength or digester
capacity, but some low density woode are the only ones auitable for groundwood
or refiner mechanical pulp. l.ight colored woods are preferred for these
processes and are also often set aslde for bleachable pulp production.
Exceptionally heavy specics are avoided because of difficulty of splitting,
chipping. penetration during cooking and poor papermaking properties. Highly
colored species, whose dyes survive pulping and bleaching to an exceptional
degree, are avoided, Highly iignified species that result in low yield or
high bleach demand sre aiso avolded.

Minotr or major problems may also exist with respect to species containing
toxic substances, allergens, high mineral content and obnoxious poly-phenols.
resins and latex. Where used they require special quality control and/or
operating procedures noted below.

The acceptable species must be identified by a knowledgeable individual, and
he must train the cutting crews in their selection. Oversize, knotty and
heavily fluted specimens are not Jogged because of equipment limitations.
Hollow and deccaved tiecs must be {dentified and avoided, Suybstandard wood
may be used for road and bridge building, etc.

Woodyard receipts are {nepected and substandard wood is diverted to steam
boilers.

In addition to the iogistical and technical factors, cultural patterns may
seriously interfere with the procurement of adequate supplies, In India,

for example, the demand for fuel-wonod is so great that mills are forced to
use virtually nnacceptable left-overs, stumps, roots and branches (Ref. 4).

The sbove [actors, when coupled with the highly-putlicized difficulties of

logging in tropical regions, appear to make a tropical forest wore of a
liability than an asset (Ref., 2, 7, 9).

Carton de Colombia fs planting pines, eucalypts and other fast-growing
hardwood species which will completely supply its needs within a few years
(Ref. 8). [t is believed that ¥Klablu is aimilarly engaged,

All of the experts contacted were unanimous in their beliefs that the typical
tropical toresta would he converted to plantations of selected pative of
exotic hardwcod types, specially sclected foxr the products demanded by the
market. Indigensus MT{M's would be consumed cnly until the plantations were
on u sustained yield hasis,

-




-9

1f their beliefs are correct one of the recommendations coming out of this
meeting should ke *he establishment uf .ccelerated programs 1or the development
of certified seed sources for the plantations, These sources should rnclude
1ow density specles (similar to Tilia or Populus), which would be suitable
for processing into newsprint and publication grade., and leng (ibered densc
species (similar to Platanus or Betula) which weuld bLe suitable for kraft
pulp and almost as strong as spruce kraft. Medium dewsity, medivm fiber
length species (such as the Eucalypts) are higuly satisfactory for cultural
papurs, corrugating medium, and in many cases, for disaclving pulp. The
species would be chosen for reliability of reforestation as well as for
freedon: from convergion problems,

However, it will be many decades buefore the present stands are consumed and
we should address ourselver to fmprovinrg techntigues for jogging in existing
tropical forests, Studies must be conducted on how best to convert these
forest areas to plantations. Problems plaguing pure plantations must he
anticipated and solved beforehand,

Wood Yard

Decay during storage is a scrious problem in many areas, Excessive decay
carries the following penalties:

(1) Serious loss in yield, thereby increasing the load on the liquor
preparation system, evaporators and recovery., Chemical costs are
greatly increased.

(2) Serious losses in strength.

(3) Increased staining of the wood which often results in increased
bleach demand or lower brightness, and in increesed costs.

Decay is wminimized most economically by keeping inventories at very low levels,

Outside chip storage (0CS) would appear to be unsatisfactory in certain areas,
but not all, Concern over the enviromment, as well as economics, would rule
out fungicides based on heavy metals and non-degradable toxins. The need to
develop a low-cost degradable fungicide is indicated.

An acceptable method for arresting fungal activity would be to dry chips to

20% moisture. Such a procedure may have desirable side effects (like seasoning).
The thermal costs may be vcasonable but the equipment costs may be prohibitive.
No reports on chemical debarking were received, This procedure, though tedious,
may have some merit in reducing moisture as we!l as facilitating bark removal.

Bark Removal

Because of their high density, tropical hardwoods place seriocus structural
demands on drum barkers. Pre-soaking is used to facilitate bark removal,

Hand peeling could be dargerous in t.ae case ol specics with poisonous sap

(e.g. Gewa). Mcchanical rcsscrs require excessive maintenaace and are unsuited
for crooked wood,

Hydraulic barking was not reported but may avoid some of the shortcomings of
the other methods, North American cxperience {ndicates that the vark of many
hardwoods makes acceptable and economical pulp via kraft and NSSC processes.
This may be the case for tropicals also.
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Chipper knifv life is very short in some areas because of high wood density
and high ash (silica) content, Dry, dense wood may be virtually impossible
to chip.

in view of the gencral conccrn about and probiems connected with penetration
problems of tropical hardwoods , 1t is strange that no reports were received

of trials with P-chippers or chip shredding, P-chips might be a little easier
to make than standard, and chip shredding is an established method for [mproving
penctration, Chips should be made as thin and short as possible to improve
penetration, At the very least hips over 3/4" long should be removed by
screening and reprocessed.

Bluending

Strong reconmendations were made for thorough hlendir{g of wood and chips to
a:sure a uniform day-to-day mixture. This is best accomplished by simultaneously
logging in different areas and blending in the yard. T1f this is impossible
then the chips should be blended using 06CS piles or siloy for the various types.

;00ki

The thermal and chemical enviromment applied to tropical hardwoods is generally
10-307 more severe than for temperate zone hardwoods. Conditions cited for
krait cooks were 16-19% active alkall and maximumu temperatures of 168-175°C
with about one hour at maximum. Hardwoods and softwoods should not bo cooked
together (but bambcu is acceptable). Because of the wide range of wood density
encountered in a piven forest it is very important that the dry weight of the
chips to the digester be aniform, or measured, so that the proper amount of
chemical may be charged.

Dirty blows ar¢ a probiem with bateh digesters using wood of very high density.
This can be minimized by digester design and by using relatively high liquor
ratio,

NSSC is made at one mill from MTIW's using conventional chemical and temperatures
but very long cooking time (4-374 hr,),

Dissolving pulp is successtully made in one mill from mixed mangroves using '
the sulfite procvss. Mixed mangroves are also used to manufacture bleached
kraft. For these species bleach demand is somcwhat higher than normally
experienced due te their high lignin content,

Mixed lauans are being converted to bleached kraft using conditions equal to
those for temperate hardwoods.

Penetration problems, resulting in high b No's, dirty pulp and excessive knots
are mentioned repeatedly., These coula be minimized by stringent chip screening.
chip stiredding, increasing the penciration time, using forced circvtation (from
the middle to the tup and bottomy, and/or usipg dove alkali., The dirt in HW
Kraft pulps increases exponentially tor K llo's above i5. Chips should be covered
with liquor and the top liquer distributivg ring should be dusigned to provide
good basting as the liquer level goes down during the cook. FPre-tteaming 18

not recomrended, bare ol peactiation iy not only a yunction of wood density

but also of wood porosity (inclusions, tyloses, cte.d.

The & loman counler - current process may prove particularly bencficial for high
density mixed tropical hardwond..
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Groundwood, Chemjgroundwood and Cold Soda Pylps

No operating tnformation was received concecning these processes. However,
it 1s known that selected species are being used to a ltmited extent. Pilot
plant studies have shown that 10-307 of the species in most forests are
suitable, especially for the hybrid pulping processes, The preferred specles
are light colorud and of low density,

The flexibllity of stone groundwcod or refiner mechantcal pulping systems
might be extended by Post-treating pulps with coustic to improve pulp strength,
Brightness is thereby decrcased but can be restored by bleaching (Ref. i1},

Blcaching

The bleachability of chemical pulps 18 more or less directly related to their
lignin content (Roe No, K No, etc.V except in the case of stains due to minerals,
tungi, e¢tc,, and vefractory organic constituents such’as polyphenols, Bleachability
is not necessarily related to the color of the wood or the pulp. MIIW's are
successfully bleached to 83 SE using CEMFH, and to Bh~-89 GE using CEDED sequences,

Overbleaching must be avoided or ¢lse there will be operating problems on the
papermachines (sec below),

Some references to cold soda pu.p bleaching did not menvion a little-known
method for improving bleach response - that of pretreating with sulfuric acid,
followed by washing.

Problems due to Minor Wood Constituents

Lgtex: Many trcpical species contain latex, although not as much as hevea sp.
It can appear in the pulp ae balls thar will deposit on equipment and interfere
with normal operation of washers, screens, refinery, machine wires, etc, Two
mills have flotation stages In the brown stock systems where these lighter-
than-water contaminants can be skimmed off,

New methods to improve the cleauing of reclalmed fibers arve currently being
studled in the U,3.A. If successful the technology can be applied to the
above problem,

Poly-phenols: A substantial nuaber nt tropical hardwoods contain compounds °*
similar to those tound in eucalypts. One mill reported that a gelatinous

scale develops in black liquor evaporators when using MTHW's {n its kraf*
system, The scaling is minimized when storing the pulpwood for several months.
Other scaling problems from this soutrce could be alleviated by methods developed
by the Australian pulp industry, e,¢. rinsing rquipment ir a solution of
hypochlorite at pH 8 (Ref. 10),

Silicg and Ash: The iiterature repeatedly implies that the high levels of
silica and ash found in some species ave detrimental. However, no references
were made ot operating ditficulties other than chippivg. should these arise
it would seem that the expertise develiped by users of bambuo or straw could
be applied,

No difficultics were reported by one mill cooking weod with 17 ash when this
wood represented 20% of the mixture, Oxalate crysials are removed hv one
mill using a special acid treatmont.
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Resin: The oxtractives in Laaan sp. show up in the pulp as swall flecks.
These can be minimized but not eliminated by surfactants in the extraction
stages and by low cowistency ~entri-cleaning, Cocking addit ives were found
ineffective.

Tt was claimed at Hae time lo the '1,S A, that pre -bleachbing with hypochlorite
tends to minimize 'itficulifes biom matovials of thiv type,

Stocik Prepagration

Very high deusity haidwosds vesult in (krait) pulps which ar~ definitely

Ai{ficult to refine and at bast result in pulp with lower bonding strength: g
(tensile, fold, etc.). 'L refined t> couventional levels the pulp is undesirably
low in freere:s ant opacity. OGuch species are thercfore kept to a minimum, ?
or diverted fo Loicrant papev grades, ;

Disk refiners (prussuriced) should be used bicause ot their higher efficiency,
HCR (high consisteacy refining) as well as verv low dorsistencles (2-3%)
cshould ke investisated tov determine i { unique rerinung responses exist for
these very tiick=walted fibar<. Other refining variables such as pH and
temperature shovid alse be stulied fev possible benefiis,

Papermahing

Once properly prepared, MTHW pulps are no more difficult to xrun on the i
papermachine than tenperate zone hardwood pulps. ;

Hardwood pulps in general snd the shorc-fibered hardwoods in particular, have

very low wet-web strength. Furnishces high in hardwood are therefore susceptible

te i
(1) breaks at the open draws of the wet end, i
(2) crumbing (picking) at the wet presses, !
(3) iiuting in the dryers, 1. poorly bonded,
(4) poorer runnability tiirough calenders and supercalenders,

Excessive refining of high censity pulpwood fibers or of overbieached fibers
will result in poor drainage stock and a low consistency web at the couch.
This leads to excesrcive breaks and crumbing at the presses.

Wet-end breaks are also caused by short-tem vaviations in basis weight and

dratnage ar wcll as by shives and {icer lumps, Linting in the dryers can be’ ~,
avoided by raising sheet temperature gradually, Vessel segment picking is
minimized by refining and by sive-pressing.

Bonding aids in tle furnist, such as cationic starches, should also help {
minimize some of thc abuve rroblews,

In all cases excapt for the few very long-fibered hardwoods (2 1.5 mm) some
long-fibered pulp is requirad to get the shiet through the machine and to
provide adenuate end~us. crorangth propertiecs. Vacuum pick-ups would be
desirable on high <pecd machines t2 cumpensate for the 'ow wet-web strength
and miunimize long tiber requirerdics.,
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CONCL USION

The technical problems associated with the use of MTHW's for pulp and paper
manutacture have been reduced to a telerable level by exercis{ng reasonable
care in the selection of woond and Pulping equipment,  Such difficultiee that
remain will be overcome by the {ntroduction ot 1dditional special technigues
and more modern process cquipment. Thesc improvements will gather momentum
as the demand of the local markets Increases, or i pulpwund shertages in
deve loped countries hecome acute.

The economic problems of utilization of this resource reside heavily in the.
costs of extraction of usanle species,  The successful mills appear to be
avoiding thesc high ccsts by concentrating on forests of relatively homogeneous
composition or by workiug the fringes >f the tige tropical areas, Here they
can nibble away .r the rain iorest and teplace it with mcre amenable species,
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APPENDIX

Case History 1

Chung liwa Pulp Corporation {Taiwan)
Production: 250 T/d dleached HW Kraft

Wood Selection: 100 specles of tropieal haréwoods are acccepted, consisting

of Lauraccae 407 . Fuagiceae 307; misc, 3UL. Cinnamcmum canphora is rejected

for oleachability and Laportea Paulownia & Albizzya are rejected because of

low density,

Wood Yard: No probieus cxperienced with respect to decay, chipping or storage.
Cooking: Muwst n=e 187 AA in mill, (vs 167 predicted by lab studies) to reach

15 K N,

Extvactives: Have some probiems with pitch and use control aids,

Bleaching: Wood color is nct a problem, Using CED to 80 GE, and CEDED to 88 GE.
Huilding, a new syaten using D/CEHUED for 150 T/d. Recowmend this sequence for
tropical hardwonds, Brightness stability is very good.

Brown Stock System: Have no problems washing or screening the pulp.

Pulp Drying: No difficulties,

Case History 1!

Formosa Chemicals & Fiber Corp, (Taiwan)

Prodyction: 120 T/d Dissolving Pulp

Wood Selection: Use low to medium density mixed species (0.35-0.70 sp gr).
Decaycd wood is rejected at the stump and represents about 5% of available
vo lumc,

Wood Yard: Store 20,000 tons of pulpwood.

Wood Room: Use 2 barking drums, dry, for 20 T/hz (S mé x 12 m long, 9 rpm).
Creen wood barks easiest, Use 50" Morman chipper. Oversize rechipped.
Cooking: 180 m’ stainless lined digesters; 50 BDT chips; 3/1 liquor ratio.
Total cooking time 12 hrs, to 10 K No. and DP of 1500.

Screening & Cleanipg: Rcject fine parenchyma and ray cells using side hill
screen. Other equipment conventional.
Blegching: Use the following sequence = chlorination, extraction - low consistency,

extraction - high consistency, soak, hypochlorite, cleaning, sulfur dioxide sour.
Interstage vacuum washers throughout.

Product End Use: Viscose rayoen staple.
Case History I1I

Klabin do Parana (Brasil)

A communication from Klabin stated that they are using 'very little hardwood
mixed with P, pine and Eucalypts',

For the record we imsert the following translation of G. Petroff's reference
to Klabin hardwood pulps as they appeared ir Carton ct Cellulose, (Nov, 70).
Prodyction: 40 T/d either NSSC or high vield kraft

Wood Selection: Their forust contains about 150 species of hardwoods with
dens'ties varying from 0.23 to 1,11, fiber length 0.5 to 2.2 mm, AB extract
0.3 to 16.%., pentusans 8 to 207, 1ignin 17 to 457.. Color and hardness vary
considerably. About 50% of species available are field-picked for pulping;
these have densitics from 0.7 to 0.9! This mixed bardwood ie pulped two ways:
1. Neutral suifite: 130°C, 137 suitite, 5.! ratio, 4.8 hrs., spherical
digesters 40w, 07 yicld. Defibrated one pass through Rauer or Sprout-Valdron.
Fnergv 1200 kwh/t. Used for corrugsting medium,

11, MiYicld Sraft: 1/59C, tv' active alkaly, 18% sulfidiry, 4 hours, same

digesters, 70% ~ield. Encrgv required is more than above. lscd for cylinder
carton board.

weed reqrirement, either progess: 5-7 steres/t pulp.
P
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e Histo IV

o Pulp Co .d, (Japan)

Production: About 80 T/d rubberwood pulp, (207 of total production) from

malay chips - part by acid sulfite for dissolving pulp - part by sulfate

process for paper pulp,

Wood Selection: Tappc < portions of trees must be eliminated to prevent

rxcessive probiems with latex in puip. Experimenting with fungicides on

shiploads to reduce formation of biue stain, Odor of fermenting chips can

he objectionabie, especially when unleading,

EIESI_HQIEHngﬂyi Fibers similar to Japanese hardwoods - diameter 22 microns;

wall thickness 3 microns; length 1.5 mat, density. 0,54, Rubberwood is relatively

high in ash (0.9%) an¢ in hot water solubles (5,97 but lower in pentosans,

(19%) than Japanese harawcods

Looking: Chips arc mixed with 'ocal species and cooked by Ca-base sulfite

Process for dissolving pulp. Would prefer to cook separately to achieve

optimum Kappa uumbe: and lower Screening., Chips are mixed with local species

and cooked by the kraft process. Yield, screenings and bjeach ability are

similar to local species.

Screening: Pulp {s screened and cleaucd intensively to remove latex particles,

Equipment includes Cowan screcns, Lindblad scieens, Bauer cleancrs and flat

screens. Finally, a special tlotation unit is used to remove the remaining,

lighter-than-water latex particles. Final latex content 1is less than 0,027,
The sulffte pulp f{rom blue-stained chips is higher than normal in

bleach demand., Extra chlorine and caustic is used, Care must be taken not

to overbleach, so as not to impair washing rates. ,

Epd-Use Properties: Both pulp types are fully equivalent to Japanese hardwoods

with respect to Papermaking and viscose qualities,

Case History V
Sanyo Pulp Co,, Ltd, (Japan)
Prodyction:

About 70 T/d mangrove pulp (about 20% of production) from
Philippine logs - part by acid sulfite process for dissolving pulp - part by
kraft proces. for paper pulp,

Sclection: All species were found suitable for kraft and Brugiera,
Rhizophora and Ceriops were Suitable for dissolving puip. Bark removal should
be thorough to minimize dirt in pulp. No problems with storage or decay,

ORy: Specific gravity is high at 0,/-0.8 and wall thickness at 9 microns
is (much) higher than Japanese average. Fiber length at 1.5 mm is also higher
than native species, Lignin and pentosans arc at the levels of most Japanese
hardwoods, ash content is higher and pitch lower.

Cooking: The high gravity of mangrove wood requires that additional chemical
be charged to the digesters by increasing the acid strength, Sulfite pulp
yleld is higher and Kappa number lower. compared to native species, However,
the Kappa number of kraft Pulp from this gencra is higher,

Washigg gnd Screening: The thick-walled fibers wash more readily than native
species, Calciun oxalate inclusions arc removed by a special acid extraction
Step to avold viscose conversion problems.

Bleaching: Conventional sequences are used, the sulfite pulp bleaches more
readily and the kraft pulp less readily than native species,

d -~ roperties: The strength of papers made with mangrove kraft is lower
than normal because of the thick cell walls. The proportions used are tailored
to the various yrades of paper. Conversion to rayon, and rayon filament qualities
are cquivalent to Japanese hardwoods,
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Case History Vi

Nagoya Pulp Co, (Japan)

Abstracted from "Bleached Kraft Pulp from Lauan", Toyonoba Oka, IPPTA Souvenir
1969, Vol. VI, No. S, pp 123-133,

Production: Bleached market kraft pulp from 1007 lauan waste chips.

Morpholo d Extractives: Detailed descriptions are given.

Cooking: Digesters 50 m}, {ndirect steaming, forced circulation, 19. AA,

27, sulphidity, 65 minutes to top temperature of 167°C, at maximum temperature

for 50 minutes. Yicld 467 at Roe #2.7. Problems with feeding chips (bridging)
and chanmeling.

Bleachiogg: CEHED conventional to 86 GE using 110 1b, chlorine, 32 1b. hypo;
12 1b. chlorine dioxide and 62 1b. NaOH,

extics: Pulp is of good strength but troubled with specks and
flucks duc to vessel segments and non-saponifiable extractives. Article details
mechanical and chemical treatments to minimize the resin content of the pulp.









