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LITERATURE SUVEY

The commerci~l JoXd 30dn Trocess for wwod is
A relatively ae- culeing prosess developed at the
United 5totea Forest Froducts Laboratory at Madigon,
""iasconsin, for hirh-yield pulring of hardwoels.

The developrent of this nrooceas has been due
to the inereasing shortage'of softwood pr permsking
fibers. This shortame of softwood fibers has made
necaessary the need for a suitable process for
mulsineg anridwoods. The Gold Sods rrocess la thousght
to meet some of the ecrnomioc ~nd strength recuirements
of this need.

Moot of the reasesrch done on thls sublect hns
been done in the 55 to 95 yleld ronge at the Worest
Products Leborntory. This nsturslly followe from

the fact th~t the Cold 30da process 1s a hizh-yleld

in this renze.

It should be nnted that the few articles
published hnve beon concerned almost wholly with
strensth and neonomic eherncteristios, which are
of w:imrry concern to Industry. Cnly one article
hre shom the effect of the rrocess on chemlcel

eomi:0sltlion of the pulp,.



Brovn =2nd MeGovern have done some interest-
Ing work in the 25 to 95 yleld renge (1, 2).
They varled time, temperature snd chemical concentra-
tion in seasrch of the ontimum pvoint for strength and
yield. The treantments were made wlth caustie
eoncentrations cf 24 and 63 grams per liter, reection
veriods of from 15 minutes to 5 hours, and temwer-
atures of from 25 to 90 degrees centigrade. The
optimum condition for treatment varlables whsg
found to be a 2-hour treatment at 25 degrees with
a caustic concentration of 24 grems per liter. In
this treatment the chemlcal eonsumptlon was about
5.5 per cent on the weizght of the wood and the yleld
wog about 91 per cent.

They =2lso found thet within the range of their
experimenta there wns some hemi-cellulose removal
but 1little or no loss of lignin or alpha-cellulose
(2). This woull tend to indicate that loss of y&eld
wag due primarily 4o loss of hemi-celluvlose. They
have shovn that with the game time and tempsrature,
an incresse in coustic eoncentration of from 24 to
&3 erems per liter produced a corresponding decrense
in yield of from 90.4 to 88.4 per cent. This change
nroduced a slizht increase in both tear and mullen (1).

The energy requirement for fiberizing this type

nul> wasg with'n the renge of commercinl precticebility

wlym



and usually fell ~ithin 2 ronge of from 20 to 30
horaepower-days ter ton of air dry pulp (1)e.

Brown and Monsson have done aome work on forced-
liquor penetratinn in the Cold Soda Process (3).

They found that the optimum trestment varisbles for
this modificrtion of the srocess are az temperature
of 25 degrees, 2 time of 1 hour, and a chemieal
concentration of 50 grams per liter. The important
point showm here is the cut in the time factor over
the atmospheric steen method.

Brown, in further studies on the Cold Soda
Procesa, found that the amount of caustic soda
lioucr =bsorbed by aspen and southern red oak woodg -
wag inereessed by decressinz the molsture ocontent
nf the wood, by desreaging the particle size, by
inerensling the hydrostatic pressure in the treating
vesasl, or by removing the alr from the wood prior
to tre-tment (10).

The forementioned articles show the mullen for
the atmospheric stecped pulp to be avnroximately
0.45 pointe per nound and the tear to be arproximately
0.98 grems per pound for a 25 x 40-500 ghect.

Villars has used variables of a time of 4 hours,
a tempersture of from 15 to 20 degrees €., and a caustic

golution of 1 part NoCH to 10 parts wood wlth s liquor

-



to ool ratio of 4 to 1 (4)s He was concerned
vrimneelly -ith hy retion »nd reached 53 to 70 devreen
3. 7e with yiells of frem 70 to 3% per cent. He
strted that 2an incresce In temperature produced some
inprovement in tesr resistance,

To dete theo mojlor uges of Cold J3ods Process pulp
hos been for corruznting medlum. This pulp hes algo
been used 28 2 roo stook component for costed papers.

It should he noted that this dlecussion 15 limited
o the Cold Dodn ‘rocess. The soda rrocess and the

kraft process are both basically NaCH processes, but

they ave veed srimarlly with higher temperatures and
vressures and the resctions are, therefore, differ-
ant.

A word is now in order as to the nnture of the
chienicnl sction of ecustic socdn on the veriouz ¢ m-
ponents of wood in the 25 degree tempercture ronze.
The comwonentes referred tc Will be lignin, hemi-cellulose,
and alphn-ca2lluloge

The mechanlam by vhich lignin goes into solution
in the 2lkeline wmrosess appenrs to Involve three
geparrte steps (5)s

1. Abgorptlon of alkail ot the lignin-liguor

Interfzce by scldle phenolle groups ln the
lignin complex.
2. A chemic~l combinatlion betreen the lignin and

the sboorbed alknoll,

-G



3, Cherlecnl nydrolysis and separ-tlon of the

21k:1i-12snin complex from the liznin surface.

This mechsniom occurs under condltions prevall-
ing in =21lk~line ulning with formatlon of new hydroxyl
oroups. However, 1t aprears that the single phenolic
or enclic hydroxyl group in the highly polymerlzed
lirnin com lex 1s not suffilclent to dbring about
solution in N~CH ~t ntmostheric conditions of nressure
and tempereture (5).

The heni-cellulose fraction of wood 1s almost
wirolly soluble in dilute caustic solution, =lthough
1t 1s less soluble in cold than in hot solution (7).

In ~lkaline oulning the hemi-celluloses which are
removed in the black liquor 2ppesr to he ehanzed Into
arccharinic aclds.,

Alkall hydroxides nct as swelling zgents for all
forms of celluloee 2nd as solvents for modifled or
dezrnded forms of cellulose. A slight amount of alka-
line hydrolysis takes »lrce in the celluloase when it 1is
subjected to attack by NeCH molution 8 ). However,
2lohn-celluloge, the more stable cortion of cellulose,
is deflned on the brsls of its 1nsolubility in 17.5
per cent NaCH nt 20 degrees centinrada. Repeated
trentmentes 1th ~2lkell increage thne amount of cellulose
tant goeg into solutlon, showing thet 2lk-11 hee some

denrsdine ~2tion on celluvlose § ).

~7=



EXPTRIMENT AL PROCEDURE

As the title indicntes, the objective of this

woris 1s to determine the effect of the Cold Bodr

P

pulp-
ing process on the chemical composition of pulp from
qunking aspen wood.

To do this a semple of the wood wes trerted by
this process ~nd o samnle of this puln was snalyzed
ohamlcally. A somple of the wood wog also analyzed
chemlcelly ond the dilference between the two snalyses
notead,

A Beater run wasg nmade an the »uln and handsheets
ware mnde and tested. These physleal strensth data
ware used to charscterize the pulp.

The following speciallzed eaqulnment waes used in
tals thesis:

Rotary bicyecle-wvheel digester. This con-
slsted of o bicycle vwheel nleced on
onn axle and mounted on & wooden frame.
This wheel wae conneected throush a belt
drive to a one-sixth HP motor in such
» menmer that 1t rotated eisht revolutlons
ner minute. ¥Four two-quart Jeors were
nounted on this wheel with wire and the
chins and treating liguor were placed in

these Jjars.



A laborrtory Bruer refiner with both breaker
plates and fine nlates. This refiner
must be adjustable to give various
degrees of refining.

A motor-driven sheker screen made by Valley
Iron orks. This screen handled pulp in
the consintency renge of approxinately
one half per cent. It wes =slso equlpped
with & pump.

A loboratory beater, British sheet mold,
handsheet press, and a Canadian Standord
freeness teater for the beater run and
handsheet formation.

The standard poper mill leboratory paper

testing devices.

EXPERIIEINTAL "ORK .

Chenical Trentmont.

nr

The trentment wag mede on qunking aapen wood ehips.
Theee chips had been obtalned from a normal, 10-blade,
industrial chinner and were of a reasonably uniform
glze. ilowever, to ~ssure wnlifornity the chlps were
sereened further. The chips nccepted were ones which
gould pacs through three-guarter ineh square holes upon
ghnking but would not pass throush one-helf inch

gsaunre holes.



The apaor-tus vead for the r}’!.';eﬁiwr egnaiéﬁted
of = bleyele wheel mounted on n onéen freme ~nd driven
by ~ one-sixth HP motorfin;auéh éfwayfih”x 1t would
rotate elsht revelutions per minute. Fowy tvo-quait
Jnre wore then mounte&“mn~§ﬁ£g;wnééi w1th éire. The
chips ~nd grustle licuor wers then. sut into the jurs
rnd rotzted on the vheel foiiﬁﬁg;haurm. At the end of
this time the +heel wos stoppeéyénd the jors vere trken
off. The spent licuor wnsg then decnnted off into n
oroek for determinntion of chemical oonsumption ond
tha ohing were yul into 2 lermer creoek for weghing.

‘b the strrt of the trentmont emoh Jur mg £illed
with 300 groms of ~ir dry ohins. As the molsture con-
tent of the ching wag 10435 per ocent nnd there ere
four jrra the tot-l oven irxy WGlght of the bateh g
1075 grrms. Into e-ch 3~r of ohins were nHured 500 ml.
of sodlum hydroxlie ~t a eocncentrotion of enprox-
In~tely 50 nr2nso ey lliter. Thig liquor 'nc tested
1rter, howevor, ~n? found to have a esncentratinsn of
53.1 groms per liter.

The trested ~hins which were »ub inte a eroalk ~ad
vere veshed with oscld water wntil the rater noponred
clorr. This consisted iIn f11ling $he crack whioch cone-
tained the ohirg with yater ~nd svirling the aﬁipa
for about one minuvte. Thig weter vas then Jecrnted off.

The agh voler wes aleo Doured into snother erozk -nd



a~ved for further mo-surment. This procedure wag

repented for = totsl of four-times.

Physisel ‘otdion on Tre-ted ohipe.

The vweshed chins . were ziven one pras throush the

hreker nlotes in = 1ﬂboratory Bouer refiner. The
corrac refined chins were ﬁewatéﬁéd in 2 leborntory tudb
g:reen. Theme ohins were tﬁ@n.puihthraugﬁ the fine
sletes of the Pruer. 1th the fine plotes in plree
the Bauer vea sot 80 th-t it gulled:jusp three ~mperes
with the normol mnﬁunt of -ater ruﬁning‘thrcugh 1t.
After tvo prcges throusk the fine plrtas the nmulp
wma weatered dowm to anproxinntely one-hnlf per cent
consglsteney -1 st -rted th?dughithe'labaratary shnker
fnoreen.

tfter norrouimctely holf of the nuln had been
nut throuwsh the sereen it wons noticed that the rejoeta
csmovnta2d to cbhout 5O per cent. 't this peint the
seraening wes ctooned and the rejects ot the reant of
the nulp were sent throush the fine ~lertes of the Baruer
e~~in, Thia time, however, the nvlates were sot so thet
the éefiner sulled 3,5 smperes with woter alone.:

The nulp wog nonin goreenad ~n? thie time there
vere vory v relecta. The pu'p from the shoker screen
wna pumbaed Into the tub scersen for devateriag, After

the puls hed 21l been screened snd Jewntered 1t wns

e & I



nl-asd Lfn o sroek ~nl hrousht brek up o bout 1.5

ner cent conpintoncy for o yield determinotion.
Yi@lda

rfter the »uln hrd been ~l2ced In the oroek and
dlluted for the yielq detorminstion the volume of the
puln in the oroci was caloulnted. The consistenay
of the rulp s then found by weirhing » definite
ﬁmount of the nuln rnd deternmining ite oven dry con-
tant after iryin~ to constrnt welght,

The total wel~ht of oven dry pulp was celcevlnted,

and this vnlue wag used to nscertaln the ner cent

yiﬁldc

The spent llcuor sad the wagh liouer were
ne~sured rnd courles of thesne two liqﬁida Vare
tltrated with sulfurie ~olg o determine the aunount
of countic sodn »resent. .The totnl welzht of uwnuaed
erustis was thus obbalneds - h

L garnle of the troatine liqunr'ﬁgs titrrnted
in 2 gimllor mrnner. The tot-l we;éht of the origincl
waa dhivg determinad.  The difference beteen the
oricinnl snd residunl esustio represented the enustic

uged by the nod. The per cent ohemienl consumptlon

breed on the welsiit of wood wap then ealevleted.s



Bentar ruan.

The connlistency ot whiech the yleld »s moenpgured
e too low for use in the beratzr. Therefore, the
stoet vas dewatered cnd rnother conslasteney taken.
The ocorrect ~mownt of ateck wae then welghed out
(320 =roms, oven dry) =and plrced-in the beater.

The heater runwas mede according to T P11
Jtondard T 200 m-45. Hendsheets were made according
to T.ril Standinrd T 205 m-53 and conditioned for
aeven days ~t 73 degrees Frnhrenhelt and 50 per cent
relative hunldlty.

Tae folloring Ltests were run on the handsheets:

Brele elght (used to ecnvert sirencth tests
to o gtondnrd welzht sheet)

Hullen

Tear

Brenking length (tenslle strencth)

Fold

rrevncratlon for Chemical tesgtge.

ATter the benter run wag rade the remninder of
the pulpe e goresd »ut to 2ir dry. Thie zir dry
nDulys wee then nul threuzh the fine pletes of the
Bruer in ite dry foerm. This dry refining served to
brexal: up the iry elumps of »pul:s for nore uniform

scmmlins. The dry refined pulpn wnas then nut in 2

~13-



zle~o stopooved bottle snd 21lowed to ¢hme to equil-
ihrium with respect tn mrlature content.
The »21r Ary -ood c¢hips used for testings vere
-t throusn the breoker nl-tes of the Bruar refiner
snd then t+izse throush the fine wlrt=es. This ~etisn
govae < vood novder vith n visably uniforn prrtiele
olza. The waod wos notl scr@enad =as it ns thouzht
th-t this ni~ht remove more of cert-in conctituenta
then of othera. This -r0o0d vovrder wre alao »ut into
< =lang atoncered bottle nd let come to 2quilibrium.
‘Tter the wodl ~nd the nulr hrd eone to eculls-
Ibrium the molsture content of e~6h wra merourad
nseur-tely.
The asnne tests which were run on the sulp were
“1s0 run "n the w99 to ~asure ennsistenocy of reaultes.
The follovwin-: tertz were run ~n the »so? and
on the ovly in ~ceordenee with the Tnstitute ?ath&dn‘
of The Ingtituts of Fwev Chemdotrys
Liznin in Fulp (Inctitute Fethod 42°)
Alphr-nellolose in ivip (Iastitut™ Fothod 421)
snd the fn1loving teast in ~oeordrnece with T4 X
"loohol-Bensene faQlubility of “ood

(T ~ n-54)

The wood srnmnle uecad for the lisnin determinntion
wen first oxtractad £r three hours ith the st ndard

Y. 3



aleohol-benzene mixture referred to in T:PiI steondapd
T-6-11. This snrmule was then treated with 72 per cent
sulfuric acid ~ccording tc Institute Method 428.

The puln sam>le to be tested o lignin wes not
extraocted with the nlcohol-benzene mixture before the

acii treatment.

Alvha-cellulose.

The wood ssmrle uged for this test wes nlso ex-
tracted with the alcohol-benzene nixture. The wood
aamnle wvag then trested with ccidifled eodium ochlorite
ng ziven in the piccedure for unblenched pulp in
Inatitute Metnod 421, the test. for slphr-celluloss.

The holo-cellulose obtainsd after tre~tment vwith the
reidiflied sodium chlorite wos then trentsd with 17.5.
percent sodlum hydroxiie to obtaln the 2lrhr-cellulose.

The pul> scmnle veg trected the same as the wood
sonple with the exception that 1t was not extrocted

with the ~loochol-bhenzene mixture.

Hepl-cellulosg.

The weirht of the holo-cellvlose from the =luhie-
celluloge determination wes recorded for both wood
end pulp. “hen the weizht of the alpha -cgllulose
wag subtrocetsd from the welzht of the helo-cellulose

for the siven samile tue weisht of heml-cellulose was



Jgohol-bencene extrootion.

A samrle of cpivoximotely two gr-me of wood was
rloced in a Soxlot extrascstor snd extracoted with the
aleochol-benzone mixture for o period of three hours.
The extrecticn thimble and mnmplé were then trken out
of the extractar »nd the sample dried in an oven %o
obt~in the oven dry welzht. The welzht of the ex-
tractives wog then determined by difference.

The samcle of pulp was extrocted in ex-otly the

game menner.

EXPTRIMENTAL DATA

" The yileld of the pulp wasg 84.7 per cent.

The chemical consumption woe 2.0 per cent.

The values for the Conrdinn Standerd freoness
tect have been corrected for pemperiture ond 2on-
sistency varistion =nd the valuss for the paysicel
strensth tests have een corrected to the nvernge
basis weicht »f 21l the hondsheets. Thie bosie
wel~ht is equivrlont to 45.8 pounde for 2 25 x A40-
500 reom. These ochyeleal strength volues are «iven
In Table I.

A representntion of the ¢his¥ge in test valuses

-

vith benting time moy. be seen in gravhs one. throusmh

five.



The astusl sxporimentel values for the verious
oonstituents in the wood and puip sre glven in Table
II. Howaver, due to the fsilure of the acidified
godium chlovrite to remove all of the lignin from the
holo-celluloge, it wag found necesgnry to cetermine
the hemi-cellulose by difference. This, 1in turn,
node necessary the determination of the hdt water
extractives. The Dercentage of hot w=ter extrectives
both in the wood nnd in the pulp Waéhtaken from the
llterature. The correeted summary of velues for the
varlious wood constituents may. be found in Table IXI.

A comparison of the various constituents in the

wood £nl In the pulp ean be seen in Chart 1.

T BLE X
Benting Time (minutes)

Test 0.1 20 30 40 ___ 50
Freoenens 50% 406 333 240 178 122
(Canadian Standnrd) : ;
Mullen 12.3 15.5 20.7 23%.8 29,4 32.9
(1bz. per sq. in,)
Terr 379 31.3  53.8 310 31,0 343
(3reoms)

Breoking lensth 3741 4753 6111 6469 7283 7910
(mete;g? d

(1, I..T.:)



TABLE II

EXPERIMENTAL VALUES FOR CONSTITUENTS IN
WOOD AND PULP

In Wood In Pulp
(1bs per (1bs per (1bs per
100 1bs - 100 1bs 100 1bs
original original pulp)
Fraction wo0od) wood)
Alcohol-Benzene
Extractives 3.4 0.5 0.6
Lignin (acid) 21.1 17.4 £0.5
Holo-cellulose 90.3 7.7 84,7
Alpha-cellulose 50.3 49,3 58.2
Hemi-cellulose
(by difference
between holo-
cellulose and
alpha-cellulose) 40,0 2.4 26.5
TAELE III

CHANGE IN VARIOUS WOOD CONSTITUENTS ON PULPING
(corrected and accepted summary)

In Wood

Loss on

In P
Pulping n Pulp
(1bs per (1bs per (1bs per (1lbc per
100 1bs 3100 1bs 100 1bs 100 1bs
original ,riginsl original pulp)
Ersetion wood) 2ood) woad)
Hot Water
Extractives
(from literature) 3.0 2.0 1.0 1.2
Alcohol-Benzene
Extractives 3.4 2.9 0.5 0.6
Lignin (acid) 21,1 3.7 17.4 £0.5
Alpha-cellulose
(in holo-cellulose) 50.3 1.0 49.3 58,2
Hemi-cellulose
(by difference) 22,2 5.6 16.6 19.6

-18-



DISCUSSION OF 5.TA. ‘

The normel yield renze of Cold Sode —uln 1s
from 85 to 920 ner cent. In view of this frct the
experimental yield in thie renort is n 1llttle lo-.
Thle m~y be nceounted for by the fast thet the pulp
vao refined to 2 freeness of 500 before the yield
deternin-tion w2z m~de. It 1s thought that ecome of
the zvln wng lost through 2 shrttering effact
becaure it *mna aomewhat brittle from the raw tre-tment.
If some of the ~uln chattered, the smnll frormmonte
were lost throuvsza the sereen during refinins.

It 7411 bs noted that 1la the wvashing operntinn
followring the tre~tment, the pulp weg washed only until
the vooh water locked clear. This eould eoncelvably
leave o 1ittle c-ustie 1n the nulp. However, it was
preguned thot thiis amount wes nesligidble in enmpor-
laon with the totrl ~mount that was removed.

The physlicnl strensth terts gerve only to cher-
acterize the wol-. 1o sattempt will be mede in thise
poner to eorrelate the physicael strenzth volues with
the chemlicnl comrositicn of the »mulnp. However, it
should he n~ted thnt the tenr velues sre aulte
errctic and do not serve as o mood choracterization

af the nul~. HNevertheless, the eurve of the tenr

~19=



volues with bestine time shov o glisht d--meepd trend.
It sh-ull bs nstad, further, th-t tne degree of vor-
intlon of these - 2intg from ths curve may be due to
tae smnll rence on the scele which they =re plotted.
If the scale were to be ghortened son thnt the
eidnrdinste line ran from zero to 5C rather then 30

to 40, these uoints would be lens erratic.

The sraphs of the other physlicnl strength tests
gaow 8 rise in the strenath value 7ith incresce in
berting time.

it will be seen from Tnbles IT and TIX thet the
axverimentsal valuea for the nlcohol-benzene extractives
“nl for the lisnin h~ve been ~coevted =28 they are
recorted. These vrlues czme out oonsistenﬁly and 4in
Titercoture.

In view of these lienin valuee the holo-cellulose
values seem to be out of line. It 1s bellieved theot
the strength of the acldifled sodium chlorite given
in the Institute Method test was not great’enough
to remove all of the lignin present in the wood.

This would nive 2 hirh v#lue for the holo-cellulose.
It 1s ~leo thought that 4this mizht apply to the éulp
re well because very little of the lignin 1s removed
*n this process. However, more dr the 1ignin is

removed from the pulp by the 2¢ldified sodium chlorite



theon from the wood.

"hile the sosdlwn hydrozide used in the slpha-
e¢rlluloze test 1a not sufficient to remOQe the residusl
liznin In the vood =nd in the sulp, the action of the
ncllified sodium cliliorlte In the nolo-cellulose test
chlorinsted the 1ignin in such o mannepr that the sodium
hydroxlie could reseve the ehlorinated lignins slong
with the hemi-celluvlossss This -oticn oceurred:-much
the game ng the ~lkeline extrrotion in pulp blesching.
The experimentnl v-lues for the alihrn-cellulose vwere
ncaerted,.

Due to the f2ulty values for the holo-cellulose,
the hemnl-celluloce values were vnable to be determin-
21 from the difference between alphr-scellvlose »nd
holo-cellulose. Because of thie dlacrepancy 1t wes
declded to determine the hemi-cellulose by the differ-
ence bateen the total welsht of the wood or the chirs,
whoteover the ¢ se mey be, and the sum of the other
constituente. IiHowever, to 30 this, the welcht of the
hot wrter extrnctives had to be knowm. Thece vnlues
were obtelned from the literature. It willl be
noticed thrt the henl-cellulose vrolues thus obtrined
fell in » ran©e comn2tible with those in the literature.
Tavg, these lantter heni-cellulose values were ngcentad
rlen. From Table 1II it ean be seen that the hemi-

celluloses were rennved to the sreatest extent.

~2]1=-



Appreciable amounts of lignin were rewoved and as well
as some alcohol-benzene extractives and some hot water
extractives. However, little of the alpha-cellulose
was removed. This follows from the fact thst elpha-
cellulose is defined by its insolubility in 17.5 per
cent sodium hydroxide. This 1s a rather concentrated
caustic, whereas the strengths used in the Cold Soda

Process ere much more dilute,



SUMMARS

The trectmnent of aspen chipe for two.hours at
r room temperature of ~pproximately 25 8. with a
sodiwn hydroxiie solution of » 53.1 srams per liter
eoncentration w:g found to remove mostly hemi~cell-
uloses. These heml-celluloses were removed to the
oxtent of 5.5 paits vper 100.0 parts of original wood.
Lignin wes removad to the extent of 3.7 nperts ner
100.0, aleohol-benzene extractives were removed to
the extent of 2.9 parts per 170.0, »nd hot water
extr-ctives were removed tc the extent of 2.0

varts mer 107.0.
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