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Synopsis

Sxceptionally strong, bleachetl pulps of high yieltl were mad'e from

Douglas-f ir by pr:rification of neutral srrlf ite semic[emical pdps by the

holocel lulose r, i thod..  A yield.  ot .57 percent of bleached pu1p, the alpha-

. celluIose content of wt1ici, tu." 87 perlent was reaJize4, fhe alpha cellulose

recovered. in this instance amountetl to approximately lO percent of the

. noisture-fr,ee weight .of the woocl.

Test beater slrength d-ata int t icatecL that the burst ing strength of

this highfy p""ifie6- pulp wis much higher than sulfite and consid'erably

higher f"pprb*itatela 18 percent) than unbleached lg.aft pulp macLe fron an

id.entical- sample of the pood, The high yield. of alpha celluLose antl its

viscosity (at lO cent ipoises in cop"qrrorr ium solut ion) incl icatecl  that l i t t le

d.egratlb,tion of the cellul.ose had re.st
the hemigel luloses present,  the blea<

' test beater,  requir ing only approxime
burst ing strength. '  Further processir
required for greasepr.oof or glassine
loss in burst ing strength.

Removal of various alnounts of the hemicell"ulosed. by extraction

with caust ic iod.a solu!.rons of yar led. concentrat ion changed the physical

pr6pert ies of the pulp and. increased. i ts lehi teness. By such a treatment

the-puJ.ps .developed. strength more .s lowly to lower 'burst ing -ant l  tensi le

strengths, br l t  showed. 
"r ,  

i r rcrease in 'resistance to tear,  lBre data i r t t l icate

, that pofp. equal in strength to those prepared. fron spruce on the same

method., can be nade from Douglas-flr.
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I4""g""ti"t,

Ihe vast quant i t ies of Douglas-f i r  avaiLable in the western

United. States have thus far found. l i t t te use in the pulping f ie ld- because

of the infer ior qual i ty of the prot lucts obtalned by the several-  commercial

puJ-ping p"o"""."J. Aliho..'gh Douglas-flr pulps usually have hlgh tearing

sttengtt t ,  this feat. , . : re alone d.oes not corpensate for their  poor fel t ing

qualt i ies, their  comparat ively low burst ing ancl tensi le strengths, ant l  for

1ow pulp yield.s,  especial ly when this species is cooked for bleaching and'

for alpha ceI lulose.

Since l t  was not d.ef ini tely known whether the low strength proper-

t ies of Douglas-f i r  pulps were due tb propert ies inherent in the wood. or i ts

f iber or to d-egradat ion of the cel lulose chains and the removal of  certain

fract lons of the cel lulose'  by the comnon commercial  pulping methocls,  i t  was

clecid.ed. to try the naildest pulping rnethod.s lmown. fhe holocellulose methotl
is known to remove l ignin withqut"percept ibly attac$ing ei ther the ce1lulose
or the hemicel luloses of wood-.9 Becent- expei im"nts2 cond.ucted. at the X'orest
Proclucts L,aborator) ' indieatecl  that stronger pulps than those preparet l  by the

sulf i te process can be nade from white 
'spruce 

by the appl icat ion of the

holocel]ulose method. to woocl that had. been previously f iber ized. by an Asp1und.
machtne.

Owing to d. i f f icul t ies of chlor ine penetrat ion and. the reuroval of

react ion prod-ucts from pulpwood- chips of the size commonly used in cor inercial
pulping operat ions, the holocel lulose nethocl has been founcl to be appl icable
only tu f inely t l - iv id.ed. or previouslyl , f iber izei l -  woott .  [ ] re ni l t t  act ion of the
ner-r trai  sul f i te semichemicl l  process+ prod.uces a softenea chip of high yield ' '

which i  s easi ly f iber ized- by nechanical  means without ser iously attacking
the ceLlrr . Iose.

.  Hence,  th is  method o f fe red .  poss ib iL i t ies  o f  render ing  pu lpwood
chips sui table for further puri f icat ion by the holocel lulose nethod..?
Douglas-f i r  chips were, therefore, subjected. to the mi ld act ion of these tYlo
procedures for the product ion of a bleachable pulp of high strength and- yier ld.

For conparison with pulps nad.e by this combination of the semi-
chenical  ancl  holocel lulose method,s, id.ent ical  samples of Douglas-f i r  chips
from the same bolt  were pulped. by the stand.ard. sul fate process und.er condi-
t ions sul table for the prot luct ion of high strength laaft  and. bleachable pulps.
In aclr l i t ion, a comparison was macle with sul f i te pulps prepared. from wood. taken
f rom, the  sa t re  pos i t ion  in  a  s imi la r  t ree  o f  l i ke  g rowth  charac ter is t i cs .
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Raw !,laterial

The Douglas-f i r  (Pseudotsuga taxi fol ia) pulpwood. used. in these
e : q p e r i m e n t s v r a s p a r t o f a s f f i S n o h o m i s h C o u n t y , W a s h i n g t o n ,
and. supplied- through the cooperation of the Pacific }trorthwest tr'orest and-
Range kperiment Stat ion. the wood. used. for these and" the sul fate pulping
e4per iments  was se lec ted  f rom the  mid .d . le  4 - foo t  sec t ion  ( t ree  2 ,  1og 1 I )  o f
a young, raoid-growth tree. Port iops of d. isks cut f rom top, middle, and. butt
logs of t ree 2 are shown in f igure 1, The wood. used. for the sul f i te pulping
e4per iments  voas  a l -so  taken f ron  a  1og midway 'up  a  t ree  ( t ree  I ,  1og I I )  o f
simi lar grouth character ist ics from the same vicini ty.  The physical  proper-
t ies and chemica, l  a.nalysis of the vrood- from these two bolts are repor. ted. in
tab le  1 .

Fron these d.ata the wood. apneared- to be in sound. cond. i t ion. The
Iow pentosan content is character ist ic of  Douglas-f i r  and certain, other
w e s t e r n  s p e c i e s .

Ihe wood. was hand.-peeled. and converted. into Jf 6-:-ndn chips by s,
two-Imife, 48- inch chipper rurtnlng at lOO r.p,m. .  The over- and und-er-sized
material and. knots v.rere retnoved. from the good chips by a shaker screen and.
hand. sorting. The entire batch of chips was thorougbly mi:ced. anC. storetl
unt i l  used. in coverei l  metal  containers in a. coJd room (4Oo 3. and- !J percent
re la t i ve  humic l i t y ) .

PulPine E:Periments

tr 'or the ini t ia l  stage in the <Lel igni f  icat ion of the wood, t ' ro
neutral  sul f i te semichemical ' -  d. igest ions were nra.cle in a 1-1/2-cubic-foot,
stainless steel- I ined. r l igester provid.ed. r ' . ' i th a jaeket f ,or beat ing ind. i rect ly
with steam. Previous to cooking, the equivalent of  10 pound^s of moisture-
free chips vere given:an irpregnat ion trea,tment with 5.2! gal lons of l iquor
containing approximately I2J grans per l i ter of ,  sod. ium sulf i te and. 2?,,J
grajns per l i ter of  sod-ium carbonate in the form of the bicarbonate. t r 'or
this treatment,  the temperature was increased from that of  the room to
I20o 0. and. the pressure to IZJ pounds per square inch 1n lO mlnutes, 'where
they were held. for a 60-minute perioi ! - .  At the end- of. this t lme the excess
liquor not absorbecL by the chipl wa.s withd.rawn and- anaLyzed.. fhe ehips
were then d. igested. at relat ively high ten:peratures with the absorb,ed. I iquor.
Dtgest ion 1J8! was brought to the maximrrm temperature, LlJo c, ,  in 2 hours,
where i t  was al lowed- to remain for I  hour.  Digest ion 1J!0 was brought to
the maximum ternperature, 18Oo C.,  in !  minutes, vrhere . i t  was a€;ain held. for
a period. of  t  hor:r  before cool ing the digester.  Digest ion l -J}O gave approx-
lmately the sanne yie1d. as that of  d. igest ion 1389. The results are recoid.ed.
in  tab le  2 .

Ehe coftened. chips
in a small beater and. washecl.

P't 20?

f rom each of the d- igest ions r{ere d. is integrated.
lhe pulps "were al lowed to remain in the beater
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for only a, short time withor.rt reight or pressure applied. to the beater roll
in ord.er to avoid, hyd.ration of the pulp. The Schopper-Riegler freeness
values of the d.isintegratect pulps rrere approximately !00 cc.

Previous to further puri f icat ion by the ho1ocelLu1ose method, the
pulps Frere screened. through a smaLl $-cut screen plate, ancl  tested. for their
strength propert ies, chlcr ine requirement,  and. chemical corposit ion. fhe
results of these tests are also reported. ln table 2. The d-ata on cooking
ehemicals and. yield.s are based. on the calculated. weight of moisturO-free
chips, whi le chlor ine consurrpt ion and. the results of chemical ana,Iysis are
baset l  on the weight of moistr :re-free pulp tested.

Test ing the Pulps

The streneth propert les of the unbleached nerrtral  sul f i te serni--
chemical pulPs were d.etermined. by test ing sheets prepared fron stuff  proeessed
in J5O-gram (moisture-free) ,rort ions in z3 l i ters of v,ater.  (?-:5" c.)  f i r  d.ef i -
ni te intervals in a 1-1/2-pound. stand.a,rd- test ing beater provided I ' i ! ,h a.
55OO-gram reight on the bedpla.te. tr'or the unbleached. holocelluloseb and. the
bleached. hOlocellufose and extracted. nulps llOO-gram ana 45OO-gram r,reights,
respectivel-rr, t"ere used-, The colors of the bleaehed. and unbleaehed. pulps
were d.etermined. by an Ives t int  r ' ;hotoureter.  Al l  the pulps were chemieal ly
anaLyzed' for their  cel luLose, atrphaicel l .ulose, I lgnin, and pentosan contdnts,
and. for their  chlor ine requirenents accorcl ing to standard. nethod.s. The
analytlcal d-ata are record.ed. in tabte J.

fhe two neutral sulfite senichernical pulps were thoroughly nlxed
ancl converted- into ulrbleachetL holocel lulose by chlor inat ion.with chlor ine
water ant l  extra,ct ion of the t ignin ehlor id.e with alkal ine solut ions. In
ord.er to urinimize the formation of hydrochloric acid., which would. cause
und'esired. hydrol-ysis of the cellul-ose d.uring the chlorination treatment,
the chlorine water was freshly prepared. before each chlorination by satura-
tion of water at room temtrlerature with chlorine gas. fhe pulp was tlivitLed.
into four 2.!-pount l  (moisture-free equivalent) batcnes for these treatments.
fhe chlorine water acld.ed to a water suspension of the pulp was allowed. to
reaet for 1! minutes at roon temtrlerature, when the treated. pulp was
thorouglrly washecl on a /O-mesh wire screen ancl subsequently pressed. to a
moistrrre content of 75 percent.  The presset l  prr lp was then extracted. for
1! ninutes in a steaar-Jacketed.,  glass- l inea t l t t le vi th a hot (goo c.)
I percent solution of monoethanolamine in !! percent edfryt al-cohol and.
washecl with hot water unt i l  neutral  to l i tnus.

-Since 
the neutral  sul f i te

cel lulose nethod.,  pulps
holocel_lulose.

RL93

semichemical pul-ps
so prepared. wi l I  be

were ref ined by the holo-
referred. to hereafter as
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Table 1.--Physlea1 and ciremical ttata on Douglas-fir pulpwootl, (Shipment 1528)

: :
:  T ree  2 ,  log  11  :  I ree  1 ,  1og 11
a .  - - - - - - - -

z Locat ion in tree
!  - - - - - - : -

: l,{irtd.le : Ltitltlle
Physical Data

A g e  ( a n n u a l  r i n g s )  . . . . .  . . . . . . :
:

R a t e  o f  g r o w t h  ( r i n g s  p e r  i n c h )  . . . . . . . . . . . . .  !
:

D e n s i t ; r  ( p o u n d . p e r  c u b i c  f o o t )  . . . . . , . , , 1
:

D r y n e s s l  o f  w o o d .  ( p e r c e n t )  . . . . . . . . . . . . . :
:

H e a r t w o o d .  b y  v o l u m e  ( p e r c e n t )  . , . . . . . . . : :
i

S p r i n g w o o c l  b y  v o l u m e  ( p e r c e n t ) . . . , . . . . . . . . . , !
i

Chennical Data

4r

5.3

2\ ,9

5\ .0

59

76

Percent

6o,6

44 'J

27,tr

5..8

5.4

37

u.8

27,O

51,9

55,5

7I

Percent

6t.3

\5 ,7

25,6

8,5

7,L

4.0

1 .1

11 .  7

4.7

2 1 6

I .5

r4,5

4.1

1-l{oistr:re content

Rr29l

= 100 - Dryness value.
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Figur'e l.--Portions of diskE ant fron the butt,
top logs, respect lvely,  of  t ree 2,
Shlpnont 1!28.

rn iddle (1og 1I) ,  and
Douglas-fir pullmood.
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The pulp was again chlorinated. ald washed. as before but this time
it  sas extracted- r i t f r  a hot l  percent solut ion of sotLi 'am sulf i te in 60 per-
Cent ethyl  alcohol and again thoroughly washed v' i th hot water.  This treat-
nent ' i , /as repea,ted. to remclve the last t races of l ignin.,

A11 four batches'  of  holocel lulose pulp were combined. and- thoroughly
mixed.  fo r  the  de terminat lon  o f  y le1d,  phys ica l  p roFer t ies ,  and chen ica l  com-
pos i t lon  a .ccord" ing  to  s tand.ard .  methorLs .  (Ea l te  1 . )

fhe holoeel lulose, having a permanganate number of 1. !  was bleached"
in tu 'o stages to prevent i ts degrad.at ion. The bleaching.r ' ras d-one a.t  approx-
imate ly  2  percent  cons is tency  in  a  g lass- I ined .  tank  prov ided.  w i th  a  motor -
d . r i ven  s ta in less  s tee l  ag i ta lo r .  I ;  the  f i rs t  s tage o f  b leach i t te ,  0 .6
percent of calciun h;ryochlor i te solrr t ion, equival-ent to O.2I percent of
chlorine on the moisture-free v'eight of pulp charged, was added. Although
the bleaehing igent r"as not ent i rely exhaustecl ,  the pulp was removed. from
the bleacher and washed. after the react ion had. cont inued for apploxinately
JO minutes. In the second stage of bleaching, O. l  percent of bleaching
powder, or 0.18 percent of chlor ine was ad.d.ecl  and the pulp treated. as before.
fhe washed.,  bleacheC- holocel lulose was then chemical ly a.nalyzed and. subjected.
to the sarrre physica. l  tests as the unbleaehed- pror luct.  (Ea.ble J.)

Treatment of the Holocel lulose

. Oqing to the rapid. hydrat ing propert ies imparted. by the heni-
.cel luLoses retained in the holocel lulose, certain port ions of the henicel-
luloses must be removed in orct-er to obtain a pulp suitable for the higher
grad.es of paper.  Various port ions of the hemicel luloses were, therefore,
extracted.,  f i rst  f rom 1O-gram batches of the holocelfulose for chenical

.  analysis ant l  later f rom 1.5-pound. batches for strength propert ies as wel l
by d. lgesi ing at var ious temperatures rsi th caust ic so<1a solut ions of several
concentrat ions

For the extract ion treatments, samples of bleacned holoce}lulose
were  d . iqes ted  fo r  2  hours  w j . th  2 ,  3 ,  \ ,  and  10  percent  so lu t ions  o f  eaus t ic
soda. The moisture content of the holocel lulose was included- in calculat ing
the concentrat ion of the caus.t ic soda solut ions. For exarple, the rat lo of
caust ic sod-a. to moisture-free holocel lulose was 0.J for the 2 pereent ex-
tract ion and- 1.!  for the extract ions rvi th 10 percent caust ic.  The temper-
atures enployed. were var ied. f rom ?5" C. to ! !o 0. t r 'or the 1-1/2-pound-
e*traet ions at elevated. temperatures, the pulps rqere treated. in a steam-
jacketed-,  glass-I ined. kett le equipped. with a nechanical  st l rrer.  The
extraction at room tenperature wa.s done in a lO-gallon earthenware Jar
without st i rr i -nE so as to minimize oxidat ion of the pulp. Strength tests
and. chemical analyses were mad.e on the pulps by stand.ard methods, [he data
obtained. are reported- in table J.

RL293 -5-



Results and. Discussion

Yield. and. Chemical Conposit ion

According to the d.ata in tables 2 and 3, the yield- of  noisture-
free softened chips result ing fron the f i rst  stage of del igni f icat ion by the
neutral  surf i te ser:r ichemical process a,vera€ed 77.2 percent for the two
d. igest ions; a"bout one-hal- f  of  the l ignin present in the or i .ginal  wood. was
rernoved- and4.1 percent of the cel lulose (Oross and Sevan) was sol-ubi l ized.
by  th is  t rea tment ,  The 1oss  in  pentosans  (0 .16  percent )  v ras  much 1ess  in
proport ion to the ceI lulose rernoval.  Ind. icat ive of the mi ld act ion of '
neutrar sul f i te l iquors tras the apnarent gain (z.Lj  percent) in the a. lpha-
cel lulose content of the Cross and. Bevan cel lulose obtained. from the neutral
sul f i te semichemical pulps,,  in comparison with that f rom the or iginal  wood-.

Puri f icat ion of the semichernical  pulp by the'holocel lulose method.
rosulted. in a yield of 57.2 percent of a l ignin-free prod-uct eontaining lOO
percent cel Iulose (Cross anC- Bevan) a- ' la 1i9.8 pelcent alpha cel lulose, As
a result  of  the holocel lulose treatment,  the dlpha-cel}ulose content showed.
a further increase of 3.? percent over that obtained. from the Cross ant l
Bevan cel luLose prepared. from the semichenical  purp. Thus, nearly !0 per-
cent of the noisture-free weight of the wood. was recoverecl  as alpha ce1lu1ose.
The cuprammonium viscosity of the unbLeachert  holocel- lulose fract ion was 43.5
cent ipoises which, together with the high yield.  of  alpha-ce1lulose, incl icated.
but l i t t le t legracLat ion, The nentosan content of the unbleached rrholocel luloselt
showed_ a L.8J percent decrease in eomparison with tha.t  of  the or iginal  woocl.
l los t  o f  th is  Ioss  (1 .7  percent )  resu l ted .  f rom pur i f i ca t ion  by  the  ho loce l lu -
Iose rnethotl rather than as a result of cooking with neutral sodiun liquors.

Bleaching the holocel lulose with 1.I  percent (0.J!  nercent bhlor ine)
of stand-ard. blea.ching powd.er resulted. in no rnea.surable l_oss in yield. or vis-
cos l ty  o f  the  ho loce l lu lose ,  in  0 .1  percent  loss  in  a lpha ee l lu Iose ,  and in
less  than 0 .2  nereent  loss  in  pentosans .

Extract ion of port ions of the henicel luloses from the bleaehed
holocel lulose with eaust ic sod.a. solut ions for var ious oeriod-s at several
tempera.tures reduced. the yield from !/ .2 percdnt to 4/.1 percent,  d.epend. ing
upon the concentrat ion and terrperature of rextra,ct lon. By this treatnent
the alpha cell-ulose in the pulps was increased. from 86,7 percent in the
bleached. holocel lulose up to gf.4 percent in one of the'ei t racted. pulps,
Based. on the or iginal  wooal,  losses- in alpha cel lu. fose were from J, i -  percent
to 7.1 percent,  d.epend. ing upon the d.egreE of t reatment.  

.

lhe d-egree of d.egrad.ation is aLso ind.icated by the cupramrnonir:n
viscosity of the a1kal i  extractecl  pulps. Viscosity values for lne lG-gra.n
ex; ler inental  extract ions were quite uniform for the d. i f ferent d.egrees of
treatnent and. apnroximately the same as that of  the bleachet l  holoce1lu1ose,
ind. icat ing no d-egradat ion of the extractet l  pulps. On the other hand, the
viseosity values- of the pulps result ing from the larger-scale extract ions
(1.5 pound.s of pulp) 

""""  "orr" iderably 
d.ecreasei l ,  especial ly 1n the cases

where the pulps rvere st i rred, d-ur ing extract ion, at  the higler terperatures.
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Oxid.at ion of thc cel lulose nay havo resglted fron such a clrast ic treatment,
as the 1.f-pouncl batch treated at room temperature with 10 percent sod. ium
hyd-roxid.e solution without stirring shovretl rnrch less. evitlence of d.egrad.ation.

The concentrat ion of caust ic soda in the extract ion l iquors ha.d
consiclerable effect on the pentosan content of the extracted pu1ps. Lovr
concentrat ions of caust ic sod-a decreased. the pentosan content only sl ight ly '
lvhereas the higher concentrat ions ( I0 percent) red-uced. the pentosan content
o f  the  pr r lps  f rom 6 .6  percent  in  the  b lea ,ched.  ho loce l l -u lose  to  1 .6  percent
in  the  a lka l i  ex t rac ted .  ho loce l lu lose .

The concentrat ion of sod. ium hydroxid.e used. for extract ion of the
hemicel luloses had more effect on the yield.  of  pulp than d- id.  the ten'perature
of extract ion. IVhere the tenrperatr :re of extract ion was the same, an increase
in concentrat ion of caust ic soda clecreased. the yie1d. appreciably,  whereas the
clecrease in yie1d. with increase in ternperatr :re of t reatnent was marked"lSr Iess
when the concentrat ion was the same.

Color of Pulps

Pr:r i f ica.t ion of the semichernical  pulps by the rrholocel lulosef l

method. increasec!- the color of the pul,os from 2! Ives oa,rts blue to 50. the
chfor ine requirement of the holoceIIulose was apDroxirne.tely 0.Jf  percent '
vrhereas that for the Douglas-fir bleachable sulfa-te oulp was 8.J! percent.

I f .oon. bleaching the hol-oeel lulose s ' i th 1.1 . l rercent of calcium
hypochlor i te,  an Ives blue reat i . ing of 79 was obtained..  Ixtraet lon of the
bleached- holocel lulose with a 2 percent caust ic sod-a solut ion for 2 hours
at approximately 75" C. d.ecreasea this va. lue to 7I parts ( Ives blue read. i tg).
0f  special  interest,  ho' i , rever,  are the results obta. ined. from the removal of
the her.r icel luloses by extract ion vr i th 10 percent caust ic soda solut ion. The
color of one of the extracted. pulps was increased from a whiteness of J!
parts ( Ives blue read. ing) to 85 and that of  the other to a whiteness of 83.

Phys ica l  Proper t ies

Uxcepi for fold. ing encturance, the strength propert ies of the
Douglas-f i r  holocel l -rr lose p,repared. from neutral  sul f i te semichemical pulps
rrere ec{ual-  or superior to sDruce holocel lulose2 made from Asplund. f iber izecL
wood. (Eat le 3, and- f ig.  2,)  They were much stronger than the semichemical
pulps fron rrhich they r , 'ere mad.e, and. in certain respects the;r  rrere superior
to suffate and sutfite pulps gratle from the sa.me batch'of woocl. ]Jilcl- bleach-
inE treatments d- id- not nater ial ly d.ecrease the strength propert ies of the
ho loce l }u lose .

Removal of  the hemicel luloses by extract ion of the bleached. holo-
ceI lulose r. ' i th caust ic sod.a solut ions great ly retarclecl  both the rate of
hydration as measured. by Schopper freeness and strength d.evelopment. fhis
treatment resultecL in d.ecreasing the burst ing and- tensi le strength and- in
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sraterlaUy incredsing the tearing strength of .the bLeachetl. trolocellulose
pulpr 'Ilpon 

removal- of the hemi.,cellirlose ancl consequetrt lncresse tn alpha
:Cont€nt of the ptlFs by alkall extractlon, the bulkiness of.the pr.rlps a"Lso

increasefl. I

': llhus tt is possible to prottuce,whtte p"alps of htdt yielcL antl
sti"enQth.frbn Douglb.s-fir, andl to cohtrol, thelr physical antl chernical
proper t ies.
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