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ABSTRACT 

An in\,c.stigatio~~ \\,as vonducted to evall~atc. the !,raft pulping and wood fiber characteristics 
of tllc follon,ing ~voods grown ir, Brazil: Araticum, JavarP, t2~oita cavalo, and Angico 
\.c~r~rrc~llio. E ~ c a l ! ~ l ~ t u s  salipnu Sniitlr., a species widely iised in Rrtrzil for pulp ~llanufact~rre. 
\\.as also invorporatrd. in tlic s t ~ ~ d y  for comparative p1lrposc.s. 

Araticllm and Acoita c;r\>alo yit,ldcd p111ps with physical c1l;lracteristics that appeared 
\llp(lrior to t l~o' ;(~ of E I I ( . ( ~ ~ ! ~ ~ I ~ I I , ~  .s(lli;:tla. Jacark and Angico vennelho yiclded pulps inferior to 
:hose of Eucul!,ptrrs .sulipncl, I~ i l t  tire} prol~ably co~l ld  he used as pnlpwoods. 

Tllc. uvcr;lge fiber Icngtl-r, fik~c~r diameter, cell 111rne11, and cell-wall thickness wcrt, 
drtc~rirrinc~ci for all species; I)nt it \\.IS not possible directly to correlate fiber dirncnsions wi t l~  
p111p strrngth. T l ~ i s  p o s s i l ~ l ~  can 11,. explained as clric, in part, to thc. rffrct of intrinsic filler 
.;trcngth, \1711ic41 \\as not detcrn~i~)ccl in this investigation. 

:\11 an;ltonlical df~scription of tlraticrlnl (Annona .sc,vicc,nc,), a specics never before de- 
wribcd, is presentcd. 

Gencrnl I~ackgtor~ntl 

The "Zona da hlata" region of Minas 
Gc.rais Stat(', Brazil, co~nprises a n~ountain- 
our area of 55,615 \qu,ue kilomrtrrs ( In-  
jtitnto National Estatistica 1937) in- 
clntling 12 n11inicipallties. As its namc 
( Forest Zone) sugge\t\, this rcgion was 
initially covered with forc\ts. During the 
past century, I~o\vcver. coffccx \va\ plantccl 
,und the stcep d(,forestcd s1opc.s I~nvc sub- 
sc,qlicmtly undcrgonc c-,rosior~. As a resnlt of 
tllr initial dcforcstation, the* Zonn da  mat^ 
now has only a little over 10% oi- its area 
co\~crcd with forcst5. Hc~cal~se of its moun- 
tainous cl~aracteristics, the Zona da hlat:~ 
1s not suital~lc for ag~icultnral crop, and t11c 
local govcmnlent is trying to rrlnkc that 
rc~gion a "forcst zone," again. Irlo~vcver, to 

achicvc, this ol)jectivc, it is necessary tirst 
to study the characteristics of the r~~lt ive 
spccics a ~ t d  their posriblr uses, to encorll age 
the c~stablishmc~nt of 11c.w plantatiorlr 

Valr et al. ( 1972) indicated that aplx oui- 
mately 45% of thc total volume of thc 
forcsts in the Zona da Mata is composed of 
eight spccies : Araticum, Copaiba, Jilt ark, 
Ccdrinho, Aqoita cavalo, Angico brmco, 
Farinha s&ca, and Angico vermelho. Ot the 
olght specics, Araticum provides thr largest 
volumc~ per acre. and Angico vcrmclho thc 
smallest. Ver). little information call b(, 
found conccrnir~g thc physical, cllel~iical, 
or industrial procc,ssing propciticxs of thew 
eight spccies, and only one of them i Angico 
branco) has bcen commercially usc~l  for 
pulp production. Prcse~ltly, thcrc arc, two 
paper mills in thc rcgion, and both mc3 cu- 
pc~nc1ing their production, l ~ u t  they arc* aloo 



tacing serious problcms rclated to avail- 
ability of raw material. Although various 
Euc-crl!jpt~ts spccics arc a potential source 
of raw ~riatcrial for pulp ~nanuf:~cturc~ in 
this region, tho secondary s p ~ c i e s a r e  also 
a potential rcbsource and should bc in- 
vortigatcd. 

P1tr11o.se (111rl S C O ~ C  of the stlrd!j 

This study was conducted to evaluate 
certain pulpilig properties and filler char- 
actc,ristics of the following Brazilian spe- 
tics: Araticum (Annona sericecre ) , Angico 
\.c.r~nc.lho ( Piptc~rlet~in rigirla), Jnc::trk (Pip- 
tatlenin c.orrlir~~cnis), and Aqoita cavalo ( Lue- 
he([ tliocrrii~~ta). Ezlcal!jptus s u l i g ~ ~ l ~  Smith., 
21 slwcic,s widely used in Brazil For pulp 
rnanufactt~re, was also included l'or com- 
piwativc purposes. Following prepara- 
ti011 by the kraft process, pulp yield, 
lxxr~i~anganatc nu~nber, and frcencss tvcre 
clc~tcwninc~cl. Characteristics of pulp hand- 
s l ~ c ~ t s  :lilcl pulpcd fillers from (,act1 spccies 
~ v c ' r ~  evaluated, and an nnatorlrical de- 
scription of ilraticmn, a spc,cic,s technically 
nnlinown. n7as prepared. 

As prc,viously notcd, specific information 
rc,gnrding thc pulping of thc c~upc~imcntal 
species i \  not available. IIowcvcr, a f c~v  
colnmcnts may 1)c madc concerning the 
1x~rtincnt literature rclatcd to th(a cxpcri- 
1nc.11tal proccc1urc.s cmploycd in this rc- 

The kraft process is thc dominant pulping 
~xoc(~ss.  Thc process is siinplc, ~.clatively 
inscwsiti\~ca to variation in \voocl conditions, 
can 1lc applied to a large numbcr O F  species, 
a11t1 produces a pulp of good cluality ( Casey 
1960; I,ibb\i 1962; Rydholm 1967). The 
process yiclds better results with tropical 
woods (Cascy 1%0), antl according to 
Rnnkc.1 11952a) it is the onlv chcmical 
p r o c c ~  suitable for manufacturc~ of both 
lllcachctl and unblcachrd pullxi from 
tropical woods. Somt tropical spccics havc 
c~utracti\~c~s that condcnse with lignin in 
acid cooking liquors. I11 thc kraft cooking 
licluor, h o ~ ( > v c ~ ,  they usually arc dissolved 
and rc,stilt in no harm to the pulp. 

Pulping separates wood into its individual 
cell components, and to form papcr these 
components arc mattcd together. There- 
fore, the shapc, length, diameter, and cell- 
\vall thickness of the components lnay be 
expected to be of great importance to paper 
properties. Many investigations have been 
conducted to definc the influence of fiber 
dimcnsio~~s upon paper strength, but the 
subject has not I~een  co~np lc t e l~  resolved. 
In studying tropical hardwoods, Runkcl 
( 1952b ) indicated that the suitability of 
that wood for pulp manufacture depends 
on the ratio of twice thc avcragc cell-wall 
tliickncss to the avcmge lumen diameter 
(Runkel ratio). This ratio should 11(. less 
than unity. Pcteri (1952) rcported that no 
relationship was found bctween fiber 1c.r~gth 
arid tcnsilrl arid bursting strengths. He 
aftinnccl that thcsc two properties arc 
greatly influenced by the "coefficierrt of 
flexibility" (ratio, as a percentage, bet\\een 
the ccll lumen antl cell diametcr, 1 D ) ,  
where tensile strength is dircctly rcsl;tted 
to this coclfiicient. T h i ~  same author did not 
find any rclation between fiber lcngth and 
tearing strcngth; and hc concluded that if 
the averagcb length of the fibers is less than 
a ccrtain critical valuc, placed 11c.twcc~11 700 
and 900 p~n ,  it illtroduces a very m~ukcd 
harmful influence on paper strcngth aocl the 
al~ove criteria cannot bc applied. 

111 1961 Tamolang and TVangaard. in 
working with hardwoods, concluded that in 
pulp 11eatcn to 450 n11 CSF, the brcaking 
lcngth value was dircctly rclatcd to thc latio 
of lumen width to cc.11 diarnetcr and to 
fiber lcngth, and that for l~catcn pulp the 
tear strength is directly rclated to fiber 
length and to intrinsic fiber ~trc>ngth. 
Wangaard ( 1962) working with hardwood 
kraft pulps found that in unl~catcn pulps 
the coefficient of flexibility is directly re- 
lated to shcct density n ~ ~ d  tcnsilc and burst 
strtngths. A 5  bcating progresses, 1/D con- 
tinues as the predominant factor in govern- 
ing s l i c~ t  dcmsity, but intrimic fiber strc.rlgtli 
assun~cs greater importance as a factor 
affecting tensile and bursting s t rcngt l~~.  
The maximum trar factor of bcatcn  pulp^ 
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~vas  found to be predominantl) and posi- 
tively affcctcd by the, intrinsic fiber 
strength, highly and negatively '~ffected by 
the Kunkel ratio, and positively affected 
11y thc ratio of fiber length to cell diameter. 
Dadswell and Watson ( 1962) indicated 
that fibcr length is the do~nirlant factor 
controlling thc ta r ing  rcsistance, in a 
direct relationship, but that an Increase in 
fiber length causes only a small improve- 
ment in burst and tensile strength. They 
also felt that cell-wall thickness is a most 
important factor in determinmg paper 
strc~ngth, stating that burst and tensile 
strengths are adversely affected by an in- 
crease in cell-wall thickne\5, but that thick- 
walled fiber\ provide ~ ~ n c  improvr~ment 
in tcaring resistance. 

In 1966 Dinwoodie supported thc earlier 
conclusions in his literature revil~\v (1965) 
11y inclicating that, in dcscendin2 order of 
importance, the principal factors affecting 
propcrties of pulp are: fiber d(1nsity (cu- 
prcrscd as a ratio of cell-wall tliickness to 
diameter), fiber Icngth, and fibcr strength. 
IIe concluded that breaking 11.11gth and 
burst factor are detcrn~incd prlrnarily by 
fiber density ( invcrsc rclation ) , that fiber 
lcngth is important (dircct relation) in- 
sofar as a ~liii~iilluin length is rcquired for 
mavimum dissipation oi stress, and that 
fil)cr strength (dircct relation) (letermines 
thc. mauinlum strength obtai~lable. Tear 
tactor, he conclud(.d, is detrrrnincd by fiber 
density (direct rclation) and filler length 
(dircct relation), the fornlcr being \lightly 
more important than the, latter. Tamolang 
et a1. ( 1968) studied the influence of hard- 
wood fi1,rr strength on pulpsheet properties 
,uld found that breaking lci~gth and burst 
f~c to r  ir~crcase with increasing sh(,et density 
and increasing fibcr strength and that fiber 
length, shect density and fiber strcngth 
were the principal factor\ responsible for 
vclriation in tear factor. 

hlATEl~I41.S AND lIETHOD3 

Four debarked bolts of cach spccics 
about 2 ft in lcngth and 4 inchr,s in diameter 

were received fro111 the Escola Supcrior dc 
Florcstcis in Viqosa, Minas Gcrais State, 
Brazil. Each bolt had been treated with 
formaldehyde and wrapped in polyethylene 
hags to avoid fungus growth during ship- 
ment. A disk 2 inches thick was cut from 
one end of e'ich l~ol t  for the anatomical 
procedtire planncd. 

Thc bolts were chippcd on a Carthage 
laboratory chippcxr, which limited the bolt 
size to 4 inches in diameter. The knife 
setting was adjusted to produce '/.-inch 
chips. Oversize chips and sawdust were 
removed by screening, and the acceptable 
chips were then separated into two groups: 
'+inch ch ips fo r  prelinlinary tests and 
X-inch chip\ for the, pulping study. After 
air-drying, the chips were stored ancl con- 
clitionecl in scaled polyethyl~nc 1),1gs to 
insure, a uniforni moisture content 

Prelirninnr~j tests 

To deterrninc acceptable pulping con- 
ditions for c:ich spccics, the '4-ir1ch chips 
wercx cooked in small digestcrs, 5 inches 
long, nlade From 1%-inch ( ID)  st'~inlcss 
steel pipc. The use of a larger digesttr was 
impractical because of the large nul111)er of 
cooks plannctf, therefore about 10 g of chips 
were proces~c~cl in cach digester. R! using 
these, s~nall digcstcm, six cooks co11lc1 be 
made at a timc. Each spccies was cookcd at 
340 F for 2 hr, using six different 'ictive 
alkali concentrations (19%, 217., 237,  2570, 
2 7 % ~ ~  29%) and immersing thcl digester in a 
WAY bath. Aftcr cooking, the chips were, 

di\intcgrntcd in a Waring bleiidc~. and 
pulp pads were foimed in a Buchncr f~lnncl. 
The pulp pads wcre used for perinanganatr 
number determinations. The cookinq con- 
ditions for production of the pulp to be 
evaluated wcrc, established on the 11,lsis of 
thc pcrmanganate numbcr of thc pulps 
obtaincd with the small digestcrs. Con- 
ditions leading to a peril~anganntc~ numbcr 
above 10 'ind I~elow 14 were selected, noting 
that pulps produccd in the small digesteis 
were expected to prescnt a pcrmanganatc 
number 1 to 3 units higher than pulps pro- 
ducPd in a larqcr laboratory digestel whcn 



\irnilar specics and cooking conditio~~s were 
used. 

On the basis of the preliminary tests, it 
was coi~cluded that all the species c-ould be 
cooked under the same conditions and that 
this would result in pulps with perman- 
garlate ~~umbers  between 10 and 14. 

Cooking conrlitions 

As a result of the preliminary tctsts con- 
ducted in the sn~all digcstcrs with a target 
perinanganate number betwc.cn 10 and 14 
for all cooks, thc following conditions were 
selected for thc production of pulp\ for the 
yield study, perinangallate numbcr deter- 
mination, physical properties c~v,tluation, 
and fiber measurements : 

Active alkali-25% as N a 2 0  
Sulfidity-25% as N\;a-0 
Liquor to woocl ratio-6:1 (1111 per oven- 

dry g of wood) 
h4auimum tcmpcrature-340 F 
Time at maximum tcn1peraturc.-2 11r 
Tim(> to temperature-'5 hr 

Th(1 Jacari. cookc~cl as outlinetl above-. 
resulted i l r  a pulp wit11 a pcrmanganatc 
uuml~cr of 15.7. To obtain a perinanganate 
1lun11)cr 1)ctwc~~n 10 and 14, this species was 
cooked for 2% hr at ~ n a ~ i m u m  temperature. 
All other cooking conditions tor Jacxrk werc 
as described al~ovc. 

P u l p  pieparatiott 

A 3-111 capacity (oven-dry wood) digester, 
iudirc,ctly str,anl heated, was used for all 
cool\\ Two cooks, labclcd h and B, were 
111,~dc for csaeh 5pc)cic.s using the same con- 
tlitionq for 110th cooks as rstabli5hccL above. 

Pulp prcparation consistc.d, bilefly, of 
wa\hing the cookecl chips, disintt-grating 
thc~n with a Mordcw  lush makcl, deter- 
mining the, yield, screening the pulp on a 
laboratory-size, Bird vibratory scrccn with 
olwnings 0.008 to 0.010 inch wid(, deter- 
~lliiliilg the percentage of rcjccts, ,ind de- 
watering the pulp to approxirnatcbly 20% 
consistcnc) . A sample of pulp was rclmoved. 
,I pulp pad of '111out 20 g was made, dried 
on a hot plate, 'lnd stored in a polyc~thylcnc~ 
bag for fibcr rnr~asurenlents. 

The amount of pulp produced by a cook 
was detcrrnined by slurrying the total cook 
at about 3% consistcncy, and determining 
the consistency of a sample. The oven-dry 
weight of pulp in thc total cook was cal- 
culated frorn the weight of the slurry and 
the consistcncy of the sample. The yield 
was then calculated from the oven-dry 
weight of chips charged to the digester and 
the oven-dry weight of the pulp produced. 

The beater study was conducted ac- 
cording to TAPPI Standard T200 ts-66. 
Samples were drawn from the laboratory 
beater at time intervals of 0, 10, 20, 30, 40, 
50. and 60 min. 

Fiber measurements 

The experimental pulps were used to 
determine the average fiber dimensions 
for each species. By using pulp instead of 
macerated wood, the average fiber length 
in each pulp type could be determined by 
measuring broken and unbroken fibers, and 
the average fibcr length for each specics of 
wood could be t>stimatt.d by the unbroken 
fibers alone. 

Fiber nleasurcinents were made rssen- 
tially according to Isenbcrg (1967) ant1 in- 
cluded filler Icngth, fiber diameter, cell 
lulnrn width, and cell-wall thickness. The 
lcilgth of broken and unbroken fibcrs was 
measured, using 1 0 0 ~  magnification, until 
200 unbroken filxrs werc measured. Broken 
fibcr segnlents lclss than 180 pm wc.rc. not 
measured, since such short picces arc. likely 
to l ~ c  lost in thc white water during the 
pulping or papermaking procc's ( 1 l ale 
1969). Ones hundred measurcn~cnts Tvere 
made of fiber width, cell lumen dian~ctcr, 
and wall thickness using 400x magnifi- 
cation. These i~~easurcments were made at 
the midpoint of the fibers. 

Pulp  testing 

Thc pulp analysis consisted of measuring 
the permangarlate number, yield percent- 
age, and reicct percentage. Pulp perman- 
ganate numbers werc determined according 
to TAPPI Standard T214 m-50. Handsheets 
wcw made in accordance with TAI'PI 



1'1(:. 1. Cross scction of :iraticu~n. ( 7 5 ~  ) FIG. 2. Radial section of Araticnn~. ( 7 3 ~  ) 

cjt'indard T205 rn-38. Each groul) of hand- 
511cct~ was tcstctl for basi5 weight, caliper, 
l)ull\, density, bursting strength. tensile 
5t1 c.ngt11, and tcaring strengtll, nccarding to 
T IPPI Standaicl T220 111-60. 

Tllc compl(tc, proccdure, inclutlillg cook- 
~ n g ,  1111111 111 epailition, pulp .malvsi\, bcat- 
nlg, handiheet n~,iking, dnd pulp testing 
wa\ rcp,atcd, thu5 obtaining two mdividual 
tcitiilg rcsnlts, dr\iqnatcd 1 and I), for rach 
sp~cic,s. 

.4rultomic-cll st~hrlics 

The, 2-inch thick dishs cut fro111 the ends 
of t l ~ .  bolts were sul)dividecl into Ill-inch 
culx.s and I~oilcd in \vatc>~ witlt '1 reflux 
~ o n d c ~ ~ s c ~ r  to 5oftc.n the111 for sectioning. 
Sodiuin carbonate was used a? an additional 
soitening agcnt fol JacarC. and Angico ver- 
mcxlho. Tllc softc,ned cubes werc stored in 
50% alcohol ant1 then sc.ctioncc1 with a 
sliding microtome. Cross, radial and tan- 
gential sections wcrc cut 1Tj p n ~  thick and 
\tainvcl with 2% tcrric a~ii~noniuln ,ulfatc, 

1% hematoxylin solution, and aniline- 
safranin ( Gornidc 1972). 

The sections wcre studied to provitle an 
understanding of the anatomical makeup 
of cach specics. The slides of Araticum 
wcrc also used to establish an anatomical 
description of this species, sincc none was 
available from the literature or through 
personal communication. 

RESULTS AX11 DISCUSSION 

Anatomical tlescription of Arutic~irn 

Commotz narrte. Araticum. Araticum 
miudo. 

Scientific ruzrne. Ramalho (1971) in- 
dicated that thc species uscd in thii study 
had been classified, by comparative ~neth-  
ods, as Annorm sericeae Dunal. Annoiiaceae. 
According to him this specics is practically 
unknown, probably because of the existence 
of many similar species and to a current 
lack of commercial importance, Kukachka 
(1972) indicated that this specics is tech- 
nically iinkno\vn and that this may also brl 



s~iicl for the grcxt majorit). of thc, Arinona- 
ccl;~ct. T l ~ c  a1lnto:nical d(,scription of this 
slx~(:ic~s \\'as u~atlc wit11 assistance. from the 
fol lo\~. i~~g rcf(~1.c~ncc.s: IIcss ( 1946 ),  Kribs 
( 1968 ) , l'anshin and dc Zceuw ( 1970). 

Genernl characteristics. Sapwootl pal' yc.1- 
low to ycxllow grayish. Lustcr rncdium. With- 
out characteristic odor oi- taste. Spccific 
g rn~i ty  (green volume) 0.55. hlodcratcly 
hard. Tcsturc~ medium to coarse‘. Straight 
grain. Crowth rings distinct. Vcssc.1~ visible 
without Icms on all surfaec~s; solitary and in 
ratlial groups of 2-3 or ill small clusters; 
c ~ ~ ~ c ~ l ~ l y  distril~uted or morc nulrlc~rous in 
latcwootl; c1iffusc~-porous. Hays vihi1)lc with- 
out lcws on cross and radial sections but not 
on tangential sc,ction. Apotrachval baiidcd 
p a ~ w c l ~ y n l a  rcaclil!7 ~7isiblc on cross section 
with 1c.n~. Ripple marks al)sc~~it. Cum ducts 
ii1,sc~nt. 

31itzute attatonl!~. ( Figs. 1-3) \'e.~sels- 
\'ory few (avc,ragc: 10 p r ~ .   urn? 1, solitary 
and in r:~dial groups of %.'3 or in sinall 
clusters, evenly distri1)uted or illore nucner- 
ous in the Iatcwood. Vcssc.1 cltvnents of 
vnria1)lc size: length lij0-550 pnt, average 
:350 pm; dianleter 50-270 !mi. average 
150 pm; with sinlplc pc'rforation platcs; 
wit11 or without ligulatr csvtensions. Inter- 
\ ~ ~ s s c l  pitting altcn~atck, numc~ons, hex- 
agonal to roundcd, 9-10 pm in diameter; 
pit apertures lincar, 4-Fj pirt long, :;ometinies 
coalescent. Rn!ys--M'idcly to nonnally 
spacc~l, 3-6 per Innl; liomocellular and 
llc~tcroecllular Type 111; procunibcnt cells 
with average dimensions 200 Y 35 pm; 
~nostly 3 cclls widc, occasionally 1, " or 4 
cclls widc; niasinlunl 11c.ight 30-80 cells 
high up to 2150 pnl high. Parc.nchyma- 
Longitucliiial parenchyma abundant, in 
numerous uniseriatc. or biscriatc: lines in 
radial sc,ction. Apotracheal banded to dif- 
fuse-in-aggregate in cross scctioii. Fibers- 
1,ibriform with siinplc or inconspicuously 
1)ordcrc.d pits; widc dianlctcr a i d  thin- 
walled or narrow diamc.ter and thick- 
walled; nou-scptate. Fiber length 0.62- 
2.44 Inm, average 1.53 11in-1; fibw diameter 
10.10-86.50 pm, average 29.89 pin; luinen 
diamvter 2.50-78.80 pin, avcragc, 20.30 pin; 

FIG. 3. Tangential section of Araticum. " 7 5 ~  ) 

cell-wall thicl\nc~ss 2.50-9.50 ~~111, a\.ctrage 
4.75 pm. 

Uses. This wood has not bccn used for 
c ~ n y  purposc of commercial importance, 
but this invcstigation indicates tll,lt it 
proclucc\ a pulp with good qualities. 

The, pci~na~igailatc numbers ot thcb pulps 
proclucecl with the larger digester ant1 used 
for rtrcrigth evaluation., are given in 'Table 
1. All thc spccic~ were cooked under the 
\am? conditiorls evcept Jacark, which had 
to be cooked for 2% hr instead of 2 hr to 
obtain a permanganatc number between 
10 and 14. 

Araticum and Angico vernielho yielded 
lx~manganatc  nurnbcrs quite similar to 
those of Eucalyptus saligna. This suggests 
that for commercial pulp production, they 
probably call bc cooked under the same 
conditions as Eucalyptus saligna. Aqoita 
cavalo prcscntcd a relatively high perman- 
ganate ~ ~ u m b c r ,  but one still in the desired 
rangc of 10 to 14. 
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Pulp yield 

Tablc 1 shows the total yield, based on 
the ovcn-dry weight of tho wood for each 
spccies, together with thv pcrcclntage of 
rejects obtained during screening. A~oita  
cavalo produced the lowest yicld, although 
the permanganate number was in the es- 
tablished upper limit. Araticurn aild Angico 
\c~rrnelho showed a yicld simil,~r to the 
control species (Eucalypt~ls  saligna) . 
Jacar6 prcsentcd the highejt yield although 
it was cooked for a 1ongr.r time 

Jacari., A~oi ta  cavalo, dncl Eucalyptus 
wligna presented similarly low pc rcentagcs 
of reject\ (Table 1 ) .  Araticuili yielded a 
much higher an~omlt of rejects, tl~ough not 
,il)nori~~ally high, while Angico vcrinclho 
produccd thc highc,st pcrccsntage ok rejects. 

The various Icvc,ls of freenvss, reported 
,I\ Canadian Standard Freeness, '1s well as 
clcnsity obtained for tach specivs at dif- 
ferent bcating tirncs, are plotted (Fig\. 4, 
5). All the species, except 4raticun1, 
yiclded freeness levels similar to Eucalyptus 
saligru~. Araticum had a high frt,cmess, and 
this lnny be desirable for somc applications. 
Araticuin was apparently the 111os t sensitive 
to hc~ating. 

Although all the pulps wcw Ixatcn for 
60 min, all of thcm, except Aqoita cavalo, 
~ ~ ~ ~ w n t e c l  freeness lcvcls higher than 300 ml 
nt that time. This suggests that all the pulps 
should have bccn beaten longt>r or, in 

* ARATICUM 
+ ANGICO, VERMELHO 

JACARE 
AGOlTb CAVALO 

--b EUCALYPTUS SALIGNA 
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FI~.. 4. Helatio~lship of Canadian Stnndartl Free- 
ness values and 1x.ating tirne for experirnc,nt,~l p111p 
type\. 

gcncral, until a frecilcss of about 100 r l ~ l  was 
reached. This greater frcencss range \vould 
l~ave permitted the determination of the 
~naximurn attainable strength for all of the 
pulps. As indicated in Fig. 6, only . \~oi ta  
ctavalo reached its maximum. 

Average fi11c.r diinensions for each spc- 
rics, including the length of whole fibers, 
fiber diameter, lumcn diameter, ant1 cell- 
lvall thickiless are prcwnted in Tal)le 2. 
The Runkcl ratio, coefficient of flexibility, 
and average fiber length in the pulps. after 
5creenin~ and l~cfore beating, togethci with 
strength properties of handsheets at :350 n11 
CSF are shown in Table 3. Araticuni, Aqoita 
cavalo, and Angico vern~elho cxhihited 
longer averagc fibers than Ezicalyptus 
salignu. Araticum and Aqoita cavalo had 
a widcr average fiber and a larger lumen 
diameter than E~rcalyptrcs saligna. Arati- 
cum was the only species with thickcr walls 
than Euca1yptu.s saligna. 

I t  has been generally accepted that fiber 
flexibility has a direct effect upon bur5t and 
tensile strengths (Pctcri 1952; Tamolang 
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and Wangaard 1961; \i1angaarc1 1962, Chase 
ct al. 1971 ) . In T a l k  3 it is evidrk~it that the 
pulp with the highest and thc>refore the 
1)c.st coefficient of flcuil~ility is Araticurn, 
followcd in decreasing order 1)y Aqoita 
cavalo, Jacarii, Eucnlypttls saliqna, and 
Aligico vennelho. Thc Runkel ratio is 
l~clicvc~cl to have an invc~rsc relationship 
with tensile and bursting strengths. Table 
3 shows that Araticum gave the lowest and 
theroforc; the best Kunkel ratio, and Angico 
\~c~rmclho the, highest Rur~kcl ratio. 

0 10 2 0  3 0  4 0  50  6 0  

BEDTING TIME (MIN) 

FIG. 6. Relat~onship of breaking length 1 alms 
.end Iwat~ng tillle for fi\  C: expel imentnl pu lp  types. 

If tllc influence. of fiber length, coefficient 
of flcxil)ility, and Runkel ratio arc. con- 
sidcrcd together and it is assulnecl the in- 
fluence of the coefficient of flexibility and 
Runkcl ratio niay be more important than 
fibcr Iciigth, some general predictions about 
pulp strength could bc made. Araticurn 
would 1)e expectecl to give the strongest 
pulp, followed in descending ord(,~. by  
Aqoita cavalo, Jacark, Eucalyptus sc~ligna 
'111~1 finally Angico vermelho. IIowcvc~, the 
intrinsic fibcr strength also has an i~nportant 

. - - .-- -- ~~p 

Lerlgtlr o f  vliale t1ber.c Fiber diameter Lumen d i a m e t e r  C e l l  w a l l  thiclcne:. , 
Average Standard  Average S t a n d a r d  Average S t a n d a r d  Average S t a l i d a r l  
(mm) d e v i a t i o n  ( ~ m )  d e v i a t i o n  ( n i )  d e v i a t i o n  ( . " I )  d c v i d t i i i  



Break ing  F i b e r  l e n g t h  
l e n g t h  Uurst  Tea r  a v e r a g e  C o e f f i c i e n t  of Runkel  

S p e c i e s  ( 1 0 0  11) f a c t o r  f a c t o r  (mm) f l e x i b i l i t y z  r a t i o 3  

Ardt icum 1 4 7  7 7  .j 1 0 3  1 . 3 8  68.0 0 . 4 7  

S t r e n g t h  p r o p e r t i e s  a t  350 ml CSF 

C o e i f l c i e ~ ~ t  of f l e x i b i l i t y  = 
F i b e r  w i d t h  ' 

' IJ.unliel r a t i o  = 2 J C & l L - w a l l  t h i c k n e s s )  
Lumen d i a m e t e r  

i~ltlucncc on pulp \trc,ngth ( \Vanga<lrd 1962, 
Ilinwoodie 1966; Rydholm 1967; Tarnolang 
cxt al. 1968). This should I)c taken into 
,~ccouut when making general con lparisons 
l)c~t~vccn different pulps. A5 is noted latcr 
in this paper, this cspcctcd strength array 
for the specics did not appear valid. This 
can posiiby be accounted for by the fact 
that the influence of intrimic fiber strength 
m'ls not considered in this study. Another 
tactor that niay also have, affected the rc- 
I'itionship bct\vccn fiber ch:lracteristics and 
1xilp strength is the clifkcrc~nt pcrn1,lngannte 
nllrnl~e~ value\ obtained for each species. 

I I~znt l~heet  5tlencth c.oaluaiion 

Ilcnsity. Thc d(3nsity \ alucs obtained 
wit11 each cxpcrimcntal pulp typv at the 
dlfforcmt beating timc 1c.vcls indic,itcd that 
A~oi ta  cavalo yicldcld the highcst tlcnsities, 
tollo\vcd by Araticum, Eucalyptus saligna, 
Angico vcrmclho, and Jacark (Fig. 5 ) .  
Although it is not possiblc to cstablish a 
slwcific or unicjue relationship betwccn 
hnndshcct dcnsity and handshcc,t strength, 
thosc. with highcr dcnsity could 11e expected 
to prrs(mt highcr tensilc and burst strength 
value\. It  should bc notcd that low density 
is ,lctually desiiable for thc rnal~ufacture 
of co~-tain types of paper. 

Breaking length. Tensilc~ strength. ex- 
prcsscd as breaking length, is shown :is a 
function of- beating timc in Fig. 6. For all 
thc pulp types, the curvcs followcd the 
typical pattern of strength dcvclop~l~ent 
with increasing beating time. To evaluate 
the breaking length rcsults of the test spe- 
cies, an analysis of variance, employing a 
split-plot design with sul>samples, was ~ ~ s e d .  
This analysis of variance indicated a sicnif- 
icant interaction between species and beat- 
ing time and therefore it was qucstionablc 
to attcmpt to cstablish, statistically, the 
significancc of differences I>etwcen the 
breaking length values of the five species. 
However, some conclusions may possibly be 
drawn from Fig. 6. 

Duncan's nlultiple rangc test was em- 
p1oyc.d to detcr~ninc thc significance of dif- 
ferences in breaking length valucs at the 
various beating times, for each pulp typc. 
I11 general, the beating time intervals of 10 
nlin were found to be too short. Thc sam- 
ples pro11al)Iy should have bcrn withdl awn 
from the beater at 20-30-min intervals. 
Figurc 6 indicates that by increasing the 
l~cating time bcyond 60 min, higher break- 
ing length valucs could probably 1 ~ .  ex- 
pected for the three weaker species. The 
breaking length data indicate that these 



tropical hardwoods produccl \Tl:r)l strong 
kraft pt11ps. The maximum l~real\ing Icngth 
uttaincd, l,y beating, by Aqoita c-avalo and 
I)!? Araticum approaches that obtainable by 
northern softwoods and materially txeeds  
that of typical northern hardwoods. 

In Tal)lrx 3 the averagc fiber Icngth, 
cocfficicmt of flexibility, and R~inkcl ratio 
of tlic, pulps are prcsentcci for all tested 
spc~cies, together with the strcwgth prop- 
c,rtics shown in Figs. 6. 7, aucl 8,  at a 
hc~c~noss of 350 1111. Rascd on th? fiber 
charactc~ristics, Araticunl was cxpectcd to 
!-icld thc highest breaking lcngth values, 
follo\~7ctl in clesccnding orclcr by Aqoita 
cuvalo, Jacark, Eucnl!lpttis saligtza, and 
Angico vc~nl~elho. However, tl- is was not 
thc. c;lso, ns shown in Fig. 6, w1lic:h iridicates 
that ot1lr.r important factors n~us t  11c. con- 
tri1)uting to the strcngtll characteristics. 
1'rol)al)ly one of the morel i~nportant of these 
factors, and one that was not dc>tcrmincd 
i n  this study, is the inherent strctngth of the 
fi1)c.r itself. This might cxplain, in part, 
tlw rcbason why A r a t i c ~ n ~  fibers, which have 
a liig11t.r coefficient of flvxibility and lower 
l<unkcl ratio than Aqoita cavalo, clo not 
lxoclucc stronger pulp. Thc siunc rcason- 
ing (night he appliccl to Jac,ar& which, 
\vhilc having better coc~fficic~nt of flexibility 
and Runkel ratio values than E~tcczlyptus 
.scclignn, cvhibitcd a lower pulp strength. 

Burst fcrctor. To analyze thc burst factor 
\,slues an analysis of variance,. again em- 
ploying a split-plot design with subsamples, 
was pcrfonned and the rc.sults showed a 
significant interaction bctwccn ha t ing  time 
;uzd spccies. A statistical analysis, therc- 
forc, 1)ctwccn th~:  burst factor Incans of the 
fivct spccics was not pc~formctl. Figure 7, 
howevcr, pernlits some concl~~sioris to bc 
drawn. Aqoita cavalo appears to be much 
stronger than the othcr spccies testc~l, while 
A4ratic~ln1 was thc second stroligest species 
in regard to burst strvngth. Eucal!yptus 
.salignu and Angico vcr~nel2io showed sim- 
ilar l~ursting strength \7alucs, :~lthough the 
fonl1c.r was slightly strongcr than the latter. 
Jacark developed the lowcst l~ursting 
strcngtli. 

+ AGOlTA CAVALO 
" E U C A C P T U S  S A L I G N A  - 
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EI~: .  7. Relationship of burst factor \ nll~es ant1 
\)rating tinle for five expe~.imental pulp types. 

A Duncan's multiple i~lnge tcst was cm- 
ployed to analyzc the effect of boating time 
ul>on burst factor values. All spccies re- 
vc.aIcd significant differences in burst factor 
means at the various levels of beating except 
Jxark  and Aqoita cavalo, which c>\l~ibited 
no significant difference bctwccl~ burst 
factor rncans at bcating times of SO and 60 
min. Figure 7 indicatcs that 60 nlin of 
beating tiinc, were apparently not suffi- 
cient lor mo5t of- the spccies to reach their 
nlavimuill bursting strengths. The\( species 
proba1)ly should have been 11c.atc.n for 120- 
180 min. Although there arc significant 
diffcrc~nces evident in bursting st~cxngth at 
IO-~nin intervals. samples could piobably 
1)c cllawn from the beater at 20-30-mill 
intcrvals if the total bcating tinrc, were 
increased to 120-180 min. 

In all probability, the same 'unalysis: 
dc\,eloped in relating fiber characteristics 
to brcaking Icngth can be applied to the 
bursting strength results. Again. intrinsic 
fiber strcngth may have played a significant 
 ole in determining burst factor results. 

Teur factor. Figurc 8 illu,trates the 
relationship between tear factor and heating 
time lor all the species. Here again n signif- 
icant interaction between beating time and 
spccicts was detected with ail analysis of 
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\rari:~ncc., u5ing split-plot design ~vith sub- 
~amplcs. No statistical colnparisons bc- 
twccn the spccies were attcnlpttd. 

A Duncan', ~ilultiplc rang(, test \vas em- 
l)loyc'cl to analyze, tho influence of beating 
tinlc1 upon tcar factor for a11 five spccies. 
The, rcsults of this tcst sliowccl th'lt tllerc 
\va\ no sigilificarlt effect of beating t i~nc  
up011 tearing strength of E~ccalyptus saligna 
l~ulp. c'von when coinparing the uilbeaten 
pulp ( 0  inin) with the pulp beatell for 60 
~nin.  Thc cffect of heating time upon pulp 
~nadc  from Jacnrk was also similai to the 
c.tfcet upon pulp of Etrcc~lypfm~s salig~za. 

Tear strength is cupt,cted to present an 
invc>rse relationship to beating tin~e, and 
A~oi ta  cavalo and Araticun~ produced 
valucs that tendcd to follow this pattcrn. 
Euc~~lyptus.  .saligna and Jacark, howc~ver, did 
not 5how significant dccrcase in tearing 
strvngth with increasing heating time. 
,\nglco vcrrnclho was thc only spccies that 
l~rc\cmtcd an initial increase. in tcar factor 
followed by n decrease. Howel er, the 
d(~crc,ascx in toar factor values for Angico 
vermclho was not as pronouncecl as inight 
Lc c-xpectcd. Thcse results again indicate 

that the beating time posibly was too short 
(Fig. 8 ) .  Although the beating time appar- 
cntly was inqufficient to obtain conclu~ivc 
results, 5orne inferences nlay be drawn on 
the basis of the results obtained. Aqoita 
ca\lalo exhibited the highest tearing strength. 
Araticum showed greater tearing strength 
than Euca1;jptus saligna when beaten for 
less than 30 min, and beyond this limit 
Eucal~yptus saligna presented the greater 
tcaring strength. Angico verniclho sllowcd 
a lowcr tear factor than Eucalyptus saligna 
and Jacari. developed the poorest tearing 
strength oof all the tcst spccies. 

Cell-wall thickness and fibcr lcngtlr eom- 
nlonly have an important and positivc cff(,ct 
on tcaring strength, but no specific relation- 
,hip could be c,stablishcd bct\vccn t11c.s~ 
filler dimell~ioils and tcar factor, as shown 
in Tables 2 and 3. This might possibl! be 
cuplaincd by tl-1~. undetermined effect of 
intrinsic fibcr strength. 

011 the 1)asis of this study the follo\ving (.on- 
clusions may bc drawn: 

Although beating tinie has been jutlged 
insufficient, this study indicates that 
in descending ordcr of pulp quality, 
Agoita cavalo was the best spec it,^, fol- 
lowed by Araticum, Eucalyptus saligna, 
Angico vcnl~clho, and JacarC.. 
Although Angico vermelho and Jacari: 
apparently produce poorcr pulps than 
Eucalyptus saligna, thcy can probal~ly 
be used as pulpwoods. 
In thc pulp pcrn~anganatc range fro111 10 
to 14, Jacark presented the highest 3 ield 
pcrccntage, followed by Angico ver- 
mclho, E~~cczlyptus saligna, Araticuni, 
and Ayoita cavalo. 
Jacark, ~vhich produces a good yield, 
niay b t 1  suitable for production of pulp 
whcrc low density is desired. 
If the Minas Gcrais State governnlent 
for Zolia da Mata wishes to encourage 
thc planting of local species, Araticur~~ is 
recornnlended bccausc of its good pulp- 
ing propwtics and bccause it is thc 



native spccics that has thc highest 
~ ~ o l u r n c ~  per acre. 

6. Although Aqoita cavalo Ilas a lower 
volulnc per acw than Araticum, it is 
also rr~co~nmc,nded for refortstation by 
uativc, spc>cies in the Zona da Mata be- 
causcL of its vcry gootl pulp charnctcr- 
istics. 

7. Th(. cooking conditions usc>d in this 
invc.stigntion produced good pulp and 
providc a starting point to drterminc. 
the, optimum cooking conditions for each 
spocirs. 

8.  This study indicatcxs that tllc woods 
c~\7aluatc~l arc in genvral 111ol.c difficult 
to lwat than North Amcxrican l~ard\voods. 
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