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ABSTRACT 

(:l.owth increments of lol~lolly pine were divided into five growth zones and kraft-pulped 
according to four diffcrcnt digestion schedules of 1%, l :K, 2, and 3 hours. Each of the 20 
pulps was subjected to four of beating and Canadian Standard Freeness (CSF)  
was dcterniined for each. I t  was found that all pulps independent of the extent of digestion 
or origin of wood fro111 the growth ring had al~out the same CSF after short periods of 
1)c.ating. After 35 minutes in the heater, latewood pulp freeness was drastically recll~ced 
wllc:rcx;ls earlywood pulps changed vcry little. In general, significantly less energy, as indi- 
catctl by shortcr beating times, was needed for latewoocl pulps to achieve a specific CSF 
Icvcl than for earlywood pulp. Pulps of low yield were casier to refine than those of high 
pielcl. Scanning electron microscopic observations rcvealed that all pulps underwent a 
tracheid cell-wall peeling sequence. The layer removed from latewood tracheids by beating 
scpnraterl into long fibrillar bundles while earlywoocl la~nellae freecl from tracheids ren~ainecl 
intact. The influence of this external fibrillation was attributed to differences between the 
p111ps in refining. 

Atltlitioi~crl keytoords: Pinus taeda, bci,.ting, cell wall layers, earlywood, fibrillation, frccncss, 
growth rings, kraft pnlps, laniellac~, latewood, SEhl, fiber structure. 

ISTRODUCTION 

Lol~lolly pine (Pinus taetla L.) is the 
most important pulpwood species in the 
United States. I t  is therefore not surprising 
that pulping and papermaking character- 
istics of this species have attracted much 
attentioil during the last fcw decades. 
Tracheid and wood propertics of loblolly 
pine have been described by several au- 
thors in terills of genetic and environmental 
conditions. In addition, these properties 
have becn related to the location of wood 
with rcspect to intraincremental growth 
zones and to the associated morphological 
characteristics of the tracheids (Biblis 1969; 
Ifju 1969; Ifju and Labosky 1972). I t  has 
also been pointed out that pulping charac- 
teristics of \vood fro111 cliffcre~lt parts of lob- 

lolly pine growth rings vary within wide 
ranges (Gladstone et al. 1970; Labosky and 
Ifju 1972; Gladstone and Ifju 1975). Mc- 
Intosh ( 1967) has reported that responses 
of earlywood tracheids of this species to 
refining differ significantly from those of 
latewood. Hc found that latewood tracheids 
uilderwent inore external fibrillation than 
earlywood ones. In addition, diameter of 
fibrillar bundles released by refining was 
larger for earlywood than for latcwood 
tracheids. 

I t  has been known for some time that 
hen~icellulose content of pulp fibers affects 
rate of refilling (Emerton 1957; Nordman 
1968). Pulps low in hen~icellulose arc re- 
sistant to beating and develop poor sheet 
properties. Cladstone et al. (1970), Ln- 
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11osky ant1 Ifju (1972), and Gladstone and 
Ifju (1975) have shown that retention of 
crirbohydrates associated with hemicellu- 
loses after kraft digestion is closely related 
to the original position of the tracheid 
within the growth rings of loblolly pine. 
I t  c:in thtrrefore be post~~lated that tracheids 
originating from different parts of the 
growth rings would also have different re- 
fining characteristics. 

Lignin content is another factor that has 
been shown to influence refining of pulps. 
Rate of cllange in sulfate pulp properties 
wit11 respect to beating tiine is inversely 
proportional to ligilin content (Emerton 
1957). Thus, sulfate pulps of high lignin 
contents are likely to have high freeness, 
and slow beating characteristics and to de- 
velop sheets of low tensile strength. Lignin 
in the cell walls restricts swelling of cellu- 
lose and hemicelluloses, thereby preventing 
development of surfaces available for inter- 
fiber l~onding (Jaymc 1958). 

Fiber or tracheid illorphology has also 
been shown to influence refining charac- 
teristics of pulps. I t  was pointed out in 
Part I of this series (Ifju and Labosky 1972) 
that highly significant differences exist in 
the morphological characteristics of tra- 
cheids obtained from various parts of lob- 
lolly pine growth rings. Gladstone and 
Ifju (197.5) discussed the effects of iiltm- 
incremental wood morphology. on kraft 
p~~lping .  McIntosh and Uhring ( 1968) 
showed that as a result of such morpholog- 
ical differences, loblolly pine earlywood 
trachcids were hardcr to refine than late- 
wood tracheids. 

In summary, chemical and nlorphological 
variations of tracheids obtained by piilpiilg 
chips fro111 different zoncs of loblolly pine 
growth rings are large enough to influence 
refining properties of pulps. Thus, the ob- 
jectives of this study were to determine 
i~ltraincremc~~t refining characteristics of 
1ol)lolly pine kraft pnlps and relate them 
to inhercnt tracheid properties. 

EXl'ERIhfENTAL PROCEDURES 

Lo1)lolly pine growth rings were divided 
into five growth zones: early earlywood 

TABLE 1. Sumii~ary of  beating times in standard 
Valley beuter applied to experimental pzllps ob- 

tainetl frnnl four tlifferent rligertion schedules 

D i g e s t i o n  B e a t i n g  Time (min) 
Time 
( h )  5  1 5  25  3 5  4 5  5 0  5 5  

1 . 5 0  J J J J 

1 . 7 5  J J J J  

2.00 J J J  J 

3 . 0 0  J J  J J 

(fraction 1 ), late carlywood (fraction 2),  
transition wood (fraction 3 ) ,  early latewood 
(fraction 4) ,  and late latewood (fraction 
5 ) .  Four kraft pulps were prepared from 
each growth zone; the 20 pulps ranged in 
yield from 48.8 to 60.7% based on unex- 
tracted oven-dry weight of wood. The four 
cooking periods were 1%, I:%, 2, and 3 
hours. In Part I1 (Labosky and Ifju 1972), 
the pulping procedure and the results of 
chemical analyses of the 20 pulps were re- 
ported in detail. In Part I (Ifju and Labo- 
sky 1972), the preparation of the inaterial 
and the morphological characteristics of 
tracheids and wood were given. 

Refining of the pulps was done in a 
laboratory \'alley beater according to Tappi 
Standard hilethod T200-ts-66 with minor 
deviations from that standard. A total of 
250 g disintegrated pulp of each cook 
( oven-dry basis ) was charged to the beater 
instead of the recoininended 360 g. The 
pulp was then diluted to 16.0 1 total volume 
giving the 1.565% consistency required by 
Tappi standards. The slurry was circulated 
in the beater for a period of 5 minutes. 
Deionized water was used for all pulp dilu- 
tions. 

Sample witlldrawal from the beater was 
in accordance with the standard except 
that two 800-1111 aliquots were withdrawn 
rather than one after each interval. These 
samples were used for the evaluation of 
handsheet properties. Tappi Standard 
Method T227m-58 was used for the deter- 
mination of Canadian Standard Freeness 
( CSF ) after each beating interval. Each 



4 GEZA IFJU, PETER I.ABOSRY, JH., AND PHANK I). MITSIANIS 

of the 20 pulps were treated in the beater 
for four beating periods as shown in Table 
1. This experimental arrangement produced 
SO duplicates of treated pulps for analysis. 
It was decided not to apply the same beat- 
ing period to all pulps uniformly because 
of the great differences in handsheet-mak- 
iilg characteristics of the tracheicls after the 
clifferelit cookiilg schedules. Although mea- 
sllre~net~ts of drainage by the CSF method 
would have been possible for all pulps, the 
vallie of such data seemed doul~tful if some 
of the ptilps were unsuital~le for papermak- 
ing l~ecause of over- or uncler-treatment in 
refining. IIowever, two common beating 
periods ( 15 and 35 min) were applied to 
all pulps to allow direct comparisons on the 
basis of coininon beating times. The usual 
corrections were made to account for the 
variations in freeness due to the small ex- 
perinlental deviations from standard tem- 
peratlire and consistency. 

After selected beating periods, random 
tracheids were observed in a scamling 
electron microscope ( SEM ) to evaluate 
the morphological effects of beating. A 
drop of pulp sh~rry was placed on the SEA4 
al~~minlum specimen holder. Water was al- 
lo\17ed to evaporate; tracheids thus dried 
adhered to the aluminun~ surface. A 10- 
nm-thick gold-palladium filnl was evapo- 
rated onto the tracheitls to produce the 
necessary concllictive surface for SEM 01)- 
scrvations. 

RESU1,TS AND DISCUSSION 

In earlicr pnl~lications, traclieid morphol- 
ogy a11il lx~lping properties of growth zones 
of loblolly pine incremeilts were related to 
relative position of wood within the growth 
rings (Ifju and IJal~osky 1972; Labosky and 
Ifju 1972; Gladstone and Ifju 1975). Rel- 
ative position was defined as radial location 
within t11c growth ring expressed as a per- 
cent based on total radial width of the 
growth ring. Similarly, refining character- 
istics in this paper are also related to the 
origin of chips with respect to the total 
width of growth rings. Rfcchanical treat- 
ment of pulps in refiners is known to affect 

1 I i 
15 2 5 35 45 55 

BEATING T I M E  ( m i n )  

FIG. 1. Inflncnce of beating time on CSF of 
pi~lps i~ l adc  from wood of five increincntal yrowtll 
zoncLs using a 90-min Itraft digestion. 

fiber morphology, drainage characteristics, 
and physical properties of paper made froill 
them (Emerton 1957; Page and DeGrace 
1967). Accordingly, results of this experi- 
ment are discussed in terms of CSF as a 
nleasure of drainage and changes in cell 
morphology influencing CSF. Physical 
properties of paper sheets will be discussed 
in a subsecluent paper. 

Drainage characteristics of pulp 

Althougll CSF is an empirical measure of 
thc extent of refining, it was chosen in this 
study for the evaluation of the influence of 
beating on the drainage characteristics of 
the pulps. I t  is realized that drainage is 
only one effect of mechanical treatments on 
pulps, but it is well accepted by the industry 
as a quick way to assess influences of beat- 
ing on fibers. 

Refining characteristics of tracheids from 
the five growth zones obtained b y  the four 
cooks are shown in Figs. 1 through 4, re- 
spcctively. Each figure represents CSF vs. 
beating time for one of the four digestion 
schedules. The five lines in the figures de- 
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BEATING T IME ( m ~ n  BEATING TIME (rn~n) 

FIG. 2. Influence of beating time on CSF of FIG. 3. Influence of beating time on CSF of 
plllps illad(, from woocl of five incremental growth pnlps made from wood of five increiilental growth 
zones using a 105-min krnft digestion. zoncs using a 120-min kraft digestion. 

scribe tlie responses of the five fractions 
obtained from the five growth zones to beat- 
itlg in terins of changes in CSF. 

Although the general appearance of the 
lines in the four figures is quite uniform, a 
closer examination reveals significant dif- 
ferences anlong them. First, it should be 
noted that each diagram shows a general 
cllalige of freeness with beating time from 
a maximum of about 700 ml for all pulps to 
a minimum of 150 1111 CSF for some pulps. 
I-lo\vever, tlie high-yield pulps obtained by 
shorter cooking times (Figs. 1 and 2 )  re- 
(pired longer heating periods than did the 
lorn-yield pulps (Figs. 3 and 4 )  to achieve 
the sanle CSF levels. Second, pulps from 
csarlywood fractions changed relatively little 
in CSF Itpon beating as compared to those 
nlade from latewood zones. Third, early 
earlywood pulps (fraction 1 in the figures) 
appear to show an anomalous behavior in 
changing CSF with respect to beating time. 

The reduction of CSF with increasing 
bc.ating time is entirely according to ex- 
pectations. Also the generally faster change 
of CSF of low-yield pulps in the beater is a 
well-known phenomenon to the paper- 

maker. I11 this study the pulps froin the 
3-h cooks attained essentially the same 
freeness values in 35 min as those from 
the 2-h cooks in 45 min. Corresponding 
beating time to achieve the same CSF 
valnes for the 1:K-h cook was 50 min and 
for the 1?h-li one was 55 min. These results 
are explainable on the basis of residual 
lignin contents. I t  was shown earlier (Labo- 
sky and Ifju 1972) that lignin content of 
pulps varied with respect to digestion time. 
Emerton ( 1957) and Jayme ( 1958) con- 
sidered lignin content as one of the major 
factors influencing ratc of change of pulp 
properties upon refining. Results of this 
study appear to support the lignin content- 
refining rate interrelationship. 

It is evident in Figs. 1 through 4 that latc- 
wood pulps required appreciably less 
energy of refining to attain a particular 
freeness level than carlywood pulps. All 
pulps had about the same drainage charac- 
teristics after short refining times, but they 
clearly separated into pulps of distinctly 
different freenesses. The two latewood 
fractions, designated as 4 and 5 in the fig- 
ures, began at about 750 ml but reached 
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B E A T I N G  T I M E  ( r n i n )  

1'1c:. 4. Iufh~elice of beating time on CSF of 
pt11l)s made from wood of five incren~erital growth 
zolic3s using a 180-lnin liraft digestion. 

CSL? va1uc.s l~elow 200 1111 for pcriods in the 
\)eater of 30-40 rnin depending on cooking 
time. For the sarne beating time one frac- 
tion of the earlywood pulps, designated as 
2, was reduced from CSF of 725 1111 to 
about ,500 1nl. Fraction 3, the transition 
zoiw pulp, behaved in an intermediate 
nlaniler in terms of its response to refining 
1)etwern earlywood and Iatewood pulps. 
Tllesc. results are in general agreement with 
those of McIntosh and Uhring (1968), in- 
dicating that thin-walled earlywood tra- 
chcids require appreciably more energy to 
rcfine than do latewood ones. 

liefining cnrves of pulps produced from 
early earlywood, designated in this study as 
fraction 1, lie between late earlywood and 
tmm~sition wood in Figs. 14. The anoma- 
lolls properties of wood laid down at the 
beginning of the growing scason have been 
pointed out earlier regarding tracheid 
n~orphology and pulping (Ifju and Labo- 
sky 1972; Labosky and Ifju 1972). This 
study shows yet anotlier property of this 
growth zone indicatiug that in some re- 
spects it 1)elraves like earlywood, in others 

R E L A T I V E  POSITION WITHIN INCREMENT (%I 

FIG. 5. Itelationship betwcen CSF of pl~lps 
from fonr different kraft digestions beatcn for 
15 lnin and relative position of wood chips with 
respect to the growth rings. 

more like latewood. Drainage character- 
istics of pulps are influenced by many fac- 
tors. hlorphology of early earlywood tra- 
cheids would suggest pulp drainage similar 
to carlywood, while residual lignin content 
appears to make it behave like latewood. 
The result is that its drainage rate and its 
response to beating take place between 
those of the two extreme growth zones. 

In this study the differences between 
refining characteristics of pulps from the 
two extreme growth zones were especially 
large for the two high-yield pulps, indicat- 
ing an interaction between tracheid mor- 
phology and pulp yield or residual lignin 
content. This interaction is best illustrated 
in Figs. 5 and 6 where CSF values of the 
pulps obtaincd from the four digestion 
schedules 11e:lten to 15 and 35 min, respec- 
tively, are plotted against origin of the chips 
within thc growth ring. After a short period 
of refining, there appears to be very little 
difference among pulps independent of in- 
herent tracheid lnorphology or of the extent 
of delignification (Fig. 5 ) .  Only the low- 
yield pulps of 48.7 to 54.7% yield, obtained 
by three hours of digestion, appear to have 
drainage properties different from all the 
other pulps. In addition, no apparent effect 
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R E L A T I V E  POSITION WITHIN INCREMENT (%) 

~ " I G .  6 .  Relationship 1)etween CSF of pulps 
fro111 four different kraft digestions 1)e:tten for 
35 inin and relative position of wood chips with 
respect to thc growth rings. 

of tracheid niorphology can be seen in Fig. 
5 as the lines reprcseiltiilg CSF are inore or 
less horizontal over the range of within- 
growth-ring tracheid characteristics. This 
might be surprising in light of the rather 
large differences in tracheid morphology 
reportcd by Ifju and Labosky (1972) for 
the same pulps. It  might be expected that 
tlli~t-walled, flexil~le tracheids obtained 
from the beginning of incrcmeilts would 
exhibit appreciably slower drainage prop- 
erties than latewood ones. Apparently, 
all unbeaten or lightly beaten tracheids re- 
rnained quite stiff, independent of cell-wall 
thickness or other morphological charac- 
teristics. This observation is in agreement 
with general pulpmill and laboratory ex- 
perience that most chemical pulps have an 
initial freeness around 700 ml. Apparently 
a mi~lirnun~ amount of mechanical work 
has to be spent on pulps of widely different 
morphology and even yield before tracheid 
characteristics become important in deter- 
mining drainage properties. 

Figure 6 bears out the above conclusion. 
After 35 min of refining, all pulps of the 

I I 
-- 

7-- 
15 MINUTE BEATING TIME 

1 
4 

120 MINUTE COOK - 
U I - 700 

I 8 0  MINUTE COOK a - 
= 1 

35 M I N U T E  BEATING TIME 
700 i 

L I 1 .  - -  1 -  - . 
0.3 0.4 0.5 0.6 0.7 

SPECIFIC GRAVITY OF ORIGINAL WOOD 

FIG. 7. Dependence of CSF of loblolly pine 
kraft pulp on specific gravity of wood, cooking 
time, and beating time. 

same digestion time decrease in CSF, from 
earlywood to latewood. Especially striking 
is the difference between fractions 2 and 4 
of the 3-h cooks. While the earlywood 
pulp dropped from 695 CSF to 450 CSF be- 
tween 15 and 3Ti n i n  of beating. the cor- - 
responding loss of freeness for the latewood 
fraction was from 695 CSF to a level below 
150 CSF. This large difference in the re- 
sponse of tracheids of different cell-wall 
morphology to refining suggests that in in- 
dustrial o~erations some fibers must be over 
refined while others are not changed to the 
point where they can effectively contribute 
to sheet properties. These differences are 
probably magnified on the industrial scale 
when pulps ohtailled from different species 
of wood are refined together, a common 
practice in many pulpmills. 

When assessing wood for any use, in- 
cludiilg pulping, it is customary to deter- 
nliite specific gravity as an indicator of 
quality. In the context of this paper, wood 
density should be considered an indirect 
but easy measure of tracheid morphology. -. 

In this regard, then, relating pulp freeness 
to specific gravity of wood from which the 
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FIG. 8. SEhI micrographs of two latewood tracheids froill kraft pulps after 35 nlin beating; A )  
tro111 p111~) of 105-~nin digvstion; R )  froril pulp of 180-nli11 digestion. 

4 lwre  pulp was procll~cecl is mcani~igfl~l. r', 
7 shows the relationships between free- 
ness and specific gravity after 15 and 35 
~llili of I)ei~ting for tllc 2- and 3-h pulps. 
Again thc response of pulps of thick-wallcd 
tracheids to I~eating 1,eyond 15 min is evi- 
(lent. Figure 7 sl~ows perhaps more clearly 
that wood properties as cstimated by spe- 
cific: gravity should be taken into account 
in cleciding on optin11ull refi~liirg treatment 
of pulps for a specific use. I11 addition, 
opti~llur~l utilization of mechanical energy 
in refining recplires some type of separation 
of ~xilps of widely different fiber morphol- 
ogy I~eforc the treatment. 

Alorphological effects of refining 

I11 order to find the reasoils for the dif- 
ferences in refining properties of pulps of 
different tracheid characteristics, individual 
tracheids were o l~e rved  in the SEM. Here 
only a few typical tracheids are shown, but 
a great number were studied after various 
beating periods. 

The prinrary external effect of beating 
on all tracheids observable in the SEM ap- 
pearcd to be delamination o f  the cell walls 
and gradual pecling of the laminae as beat- 
ing continued. This peeling action was 
noticeable after 35 inin of beating of all 
tracheids independcnt of their origin with 

FTC:. 9. SEhl illllstration of the cffects of 3rj-min beating on earlywood tracheids fro111 kraft pulps; 
4 )  intact n~al l  layer separated like "snakc skin" from tracheicl; B )  peeling effect of beating. 



FIG. 10. SEhl microgr~~~lls  of transition wood tracheids from kraft pulps after 35-min beating; 
A )  S, 1ay.r peeling of trac.hc.it1 from 90-min digestion; B )  latcwood type breakdown of tracheid from 
120-min digestion. 

respcct to the growth increiiient or extent 
of digestion. After short beating times of 
less thail 35 111i11, the majority of thc tra- 
cheids appeared mnaffectecl by the trcat- 
rneiit. Dclamii~ation as a primary effect of 
refining is in line with the laininated cell- 
wall stn~cture shown for southern pine late- 
wood tracheids by Dunning ( 1968), caused 
by the preferential entry of water into 
tangentially oriented spaces between mi- 
crofibrils as snggested by Scallall ( 1974). 

Figure 8 shows two latcwood tracheids 
after heating for 35 mill. The delamir~ation 
of the cell walls inay be seen ill the figure. 

Tlie cell-wall lamellae appear to originate 
from the S2 layer as evidenced by the 
orientation of the microfibrillar bundles 
liberated by peeling. It  should be noted in 
Fig. 8 that the cell-wall layers removed 
from the tracheids are well fibrillated. The 
layers peeled off latewood tracheids did 
not as a rule remain intact but disintegrated 
into long continuous fibrillar bundles. 

In Fig. 9R a typical earlywood tracheid 
is shown after 35 min of beatiug. Tlie peel- 
ing action of the refining process may be 
seen again in this figure. However, the 
cell-wall layer being ren~oved from the 

FIG. 11. Two SEhl iiiicrogr;tphs of an earlywood tr:tclieid from a 120-min kraft digestion and 
11e:itc.n for :35 nrin; A )  1anrr.llation of S2 ; B )  nndistur1,etl pal.allcl arrangement of fibrillar bllndles 
on exposed S2 layer. 
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FIG. 12. Two SEhl micrographs of a latewood tracheid from a 120-min kraft digestion and 
1)eaten for 55 min; A )  peeling and fibrillation of outer cell-wall layer; B )  disorganized fibrils creating 
a rol~gll a1)pea'amcc of exposed S. layer. 

c,arlywood tracheid does not appear to be 
fil~rillated. This typc of peeling was found 
to bc quite common for earlywood pulps. 
In fact, the layers removed by beating 
could often be found intact but separated 
fro111 parent tracheids. Such a "snake skin" 
is showll ill Fig. SA. 

I n  Fig. 10 two tracheids originating from 
the transition zone are shown. The tra- 
cheid in Fig. 10R shows a latewood-type 
delamination wit11 subsequent fibrillation. 
Thc tracheid in Fig. 10A is undergoing a 
removal of the S1 layer, while its outermost 
S2 gives an earlywood-type appearance. 
130th types of tracheids could bc found in 
great nnmbers in the transition zone. 

As was pointed out earlier, the basic dif- 
ference between earlywood and latewood 
pulps after beating was in the fibrillation of 
the layers removed. While earlywood peel- 
ingsreinained intact, latewood ones disin- 
tegrated into fibrillar bundles. This dif- 
ference is seen to be responsible for the 
greater rate of reduction in freeness of the 
latewood pulps with beating as compared 
to earlywood pulps. Freeness is a measure 
of the drainage characteristics of pulp. 
Small, flexible fibrillar bundles should be 
more effective in filling the gaps of the 
screen upon draining than do intact lamel- 
lae ren~oved from earlywood tracheids by 
1)eating. 

Another difference between earlywoocl 
and latewoocl pulps was the appearance of 
the tracheid surfaces after beating. Re- 
moval of external lamellae from earlywood 
tracheids left relatively smooth surfaces. 
Figure 11 shows such a tracheid in two dif- 
ferent magnificatioas. Figure 12 illustrates 
the appearance of a latewood tracheid. 
Both of these tracheids were taken from 
pulps of 3-h digestion beaten for 35 min. 
Again the fibrillar appearance of the late- 
wood cell-wall layer may be contrasted 
against the intact earlywood lamellae. 
Underneath the removed lamellae the late- 
wood cell wall is quite rough, showing no 
evidence of a regular fibrillar structure. 
The microfibrillar bundles of about 0.5 
micrometer diameter are quite regularly 
arranged in the outermost SZ of the early- 
wood tracheid. This may come from the 
partial fibrillation of the latewood S2 even 
before removal from the tracheid. Upon 
drying of the cell wall during specimen 
preparation for the SEM, the loose mi- 
crofibrillar bundles could be reattached to 
the surface of the latewood tracheid but no 
longer in their original, regular, parallel 
arrangement. Earlywood tracheids, because 
of their resistance to fibrillation, retained 
their cell-wall organization even after ex- 
tensive beating. 
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CONCLUSIONS 

Fro111 the results of this study the follow- 
ing conclusions may be drawn: 

1) Thick-walled loblolly pine latewood 
tracheids a r e  refilled faster  than thin- 
walled earlywood tracheids. 

2 )  Low-yield loblolly pine pulps are 
easier to refisle than high-yield ones. 

3 )  Initial freeness of both earlywood and 
latewood pulps is approximately the 
same after digestion aild dhiategra- 
tion. 

4 )  The primary visible effect of beating 
on loblolly pine tracheids is peeling of 
the outer cell-wall layers. 

5 )  Fibrillation of cell-wall lamellae re- 
moved from loblolly pine latewood 
tracheids is one major reason for this 
type of pulp to refine faster than early- 
wood pulps. 

6 )  Because of the great i~lfluerlce of fiber 
~llorphology on refini~lg rate, fibers of 
greatly different characteristics, such 
as those originating fro111 loblolly pine 
earlywood and latewood, should not 
be refined together if beating energy 
and pulp cluality are to be optimized. 
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