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A literature SUJ:VeY 1a prese~~;d, $),onoer;~PA :\~e•-.. tt~~ "'· 1 

. ~ ,, . .. :·· ·~ ,. ·•"'➔. . . .-
. of hydrot,rop1o solvent.a in producing woo.d J,ulpa... The · " · 

·. •' .. 

strength oharao\er1st1oe of three hydrot,rop1Q pulpa ,., 
' • ·••; • f: ~ • • ~ ,' :..- I ,"t ,. ,:; ~ 

(54._. · 77, .and 85!,C yield) a.re: 1n'V'e·a1-1,:a1ied "4M. JOmj)ar,e~·~. ~ ·.'.il~ ,·,·_,:,,.: ., . ~, .' ., 
. ' . ' .',:. ,.. . . . ) .. 

a aommer~1al NSSC pulp. (7~% yield) .,•., ,. l M., 
• • ,> • • ' • • ,,,_ - - ~z- ~ ~ ~\. J'. 
The expe~1ment,al · reaul\s ind1~at,tf t,na.t, t,hG ~t,r~i3st,it \•. 

. • • ~ lo ,~· 

ohe.racter1at,1oa of t,he hydrot,rop~Q ~palp• tnor~_aa~\ ~- t.h• · ,. . /' .;. ~"' ;,:. . 

yield decreases, however all puipa · ~ere~ l.o·;,..~ 1n attrens~-
onaracterist,ios t,ban the NSSO. It, appeal'& , tnat ,the CQ,~tt-: 

1ng liquor would. h~ve t,o be kept from beoo~iag.,aoid·· 11 -a 

h1!;her strength pulp is- to . be pro<~ll.tQedi -

• •••I 
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LIT ,R URE SURVEY 



A STUDY OF HIGH YIELD PULPS USING HYDROTROPlO aC>LVENT8 

DE[INI1:IQH 

Aooord1ng to Mo:Kee (l)t hydrot.rople aolut,1ons are 

those aqueous salt solutions wh1oh efteot deo1dedly 

great.er aolub111t.y of slightly soluble subst.anoes tDOi"f) 

than does pure wa.ter at the same tempera.t,ure, Thia phe• 

nomenon is the reverse of t,he oommon aalt1n.g•out .e-tfeo,\ 

following the a.dd1 t-1on of many electrolytes to o.queou.a 

wolut1ons of numerous solutes. These phenomena of 1n4rea• 
.. 

sed solub111ty were first not,ea by Newbere; 1n 1916., The 

salting-in effeot (a.a opposed to aalt,1ng-out,) is shown 

beet by oonoentrated. aqueous solutions of ·very soluble 

neutral aalt,s of organio aoide,, w1th organic aub•t.anoee 

as solutes whioh have a low solubility in water. The ~ 

phenomenon,, however. 1s not, oonf1ned t,.o tithe. t1 ld of 

aqueous solut1ons of organic eal~s and brganio solute•• 

but is foWld in the inorganic field as well. ·1i 1s 

largely independ.a.nt or ·pH and seems to 'be be&t expla.1n&cl 

by the theory of mixed solvents. 

Some of the chem1aals wh1oh show hydrotrop1o pr0p-i,c 

ert,1es ae far a.a pulping is oonoerned are sodium benzene""' 

· sulfona.te, sodium .. tol.uneeulfonat.e, sod1utn xytenesultonate, 

sodium oot.yl;sti1,lfone.te, aod1um etllylbenezeneeul.tonat.e, sod- : 

ium butylbenzenea.ulfonate11 sodium aymenesulfonate .. Qod1um 



2 

'butylsulfonate, ancl sodium benzoat,e.9 ( PT1nr~1ly ar-t-1.Qle 

2) The ammonia. and calcium sa.l.\8 are also hydrot,ro.P1Q, '.• 

but not as effective as the sodium ealt,s. (3) · ·It appearl 

tha t the de l1gn1fy1ng power of the sodium 't;>en~enesu1fo~t,e 

derivatives inoreases as the num'ber and s1r.e o-f t.he ·alkyl 

groups attached to 't,he benzene iluoleua increases and t,ha\ 

t.he a.lkyla.rylsulfone.~es are bet,~eJ- del1gn1ty1ns agent,: 

than are ·the a.lkylsttlf'onat.es. 'fbere t.s 'Very, 11 tt.h- d4tfer• · 

enc among hydrot,rop1o agent.a ae \a t.h.e etteot,. on o~• 

hydrates, (2) The d1ssolut,1on of l1gnin wit-h hyd.rot,itop1o 
I 

aolut,1ons appears to take plaoe 1n two steps.. In \he 

first, the 11gn1n 1a changed by the aot;1o.n of hot, wat,Eir 

at cooking , and 1n t-he- seoond, t,be 11gn1n so ~l't,ere4, 11 

d1ss·o1v0 1n the hydrot,rop1c soluti1on. (2; }) 

The pulping of oon1-.ferous woods with nydrot.rop1a 

solutions 1a very unsatisfaot,ory, due \o t.he re1a.t,1vely · .. ; 

low solubil1t,y of softwood 11gn1n.• _ (l,2,}14,5-.6) 

The most oommon hydrot.ropio agent used ls aodiwn, . 
• 1 ~ ' ' .. "' ,.•' 

xyleneeulf'onata. Th~re 'ars BFteral -re1:1.sons to'.t•• 1ts .·· s-,n~ ~ 

era.l use. These are, 1 ts ·relatively· low coat,,_ hi.gb dells• 

nif'ying power, abundance, and thtt ·rel.ativ ea.s.e ot' preoi-~ 

1 ta.ting the 11gn1n from the pulping sol~tion• , U.gn1n· <Jan 

be preo1p1ta.ted from the pulping solution by .s1ri~ly·'d1·1u•, 
. . .. ' . 

. . ~--
t,1ng 1 t to ten per oent sodium zylene0su1fonate, ~fJ opPQ · •4 · 

to sodium oymenesulfonate, ~,hioh .mut3t, be d1lut~d ~o t.wo. ;:. 

per oent e. 



" ' .: ... ,.ti~~ 
<' ·- .. ;,,, .. 

. t~ ':"• 

. . .. 
., ... . .· . . . . . - . "': 

' .. ; ... 
. . .. ,. :.~' .;;. . 

In hydrotrop1o pulping, a so.l~t1on ·.of , from 30 ' 1;0 '1)~ 

hydrotropio agent 1s uaed... '?he w~o·d i~f- ob1pped ~~, 11 . ·,· 
• __ ,: I ,.,.1 . I ( • ~- •) /. • 

oooked in a digeat,er very •tJ1m11ar.' ~ .: t.h• kraft, · dJs~•t.«r~··: . 

The proeess 1 s adapt,~ble t..o oont,1nu~\.UI pUlp1~., · Howlti~1' , 

1n experimental work, bo\h laborat,or1 d1e;eat,!Br• , and. bomb• ,'' " 
are uaed. The ratio ot oook;1ng 11qttor and wo_od V&X'lea,- •> .. .-

~- - • , • _,. • 
1

, ,: !/ ·' _ u;I .• V ,•-1' ... ~. 0 • 

but,1 ae s.n example_, Lau-- {7) wortcuig ~ \tl banibpo., use~~:-,?$:> < ·:·· .. i--h .. -~ ,/C.-\'{ . 
'i •. • • . • 

' . 
01 • , ' -~ .. 4 "'J: 

the pulp., This s.ame l1q~or Q&n t.he». ... be reuised fl♦e. or •lx ··~ ,.~ '•.~; _, 
. • . . ·~ ~ : ~'- t ""·.~-;-_, ,···'5. ~~ 

times before it. ha.s t.o be s~nt. t,() t.ne .. reoover1 pl!int.-. · _The · · ·-d<~~.:-I:_: . 
reoovery of the oook1ng l1Q.u~r 1nvoi~ee til.~t,ins ': ttlo U.:q; · ·:',:,1,..,t,,·· '.?:_;· 

' • '. ,•,1 • ,. ' ' ~~ .-.. ~· \~ .. ,, \1f;~f''.' .. -r -:~;I 
uor w1 th water and heating unt,1~ ·t.ne ··d1a1o;t.~~ _.11gnin i ./· ·• • ,\ ···•: '-·~:,.-

•: .• . • .. '•1'"{ ~ ,; .. 

preo1p1tateso The heat ooagulat.e& \he l16fl1n, · ma1t;tng.;41.,; .. ' ) · ~;,. - . -- ., - ·~•, .. :i.,. 
t-ration possible. Att,er the l1gn1n ha.~ ' been ooa.gqiaJ~~ -\· .' '· ": ,, ~~ · ~/. 

. ..,, ,,;. .. ·" '.: •: i•·:, ,. : -: ... • ,l 

1 t 1a removad by t1lt,~a.t1on. · 'rhe liquor 1s ~hen aent,· ~ · · ,,-, 

a single s.ta.ge evaperator Which brings '\;be til\r•t.• a•• 
'1 ·-. ~- -, ~r .. 

,. 

to the needed ()Q-ncent,ra.t,1on •. . .. ... · .. 
"'r. ~- • _,:tJ,. •·r. : ·' -. .r'.·:,..,._ ,!' · • 1 

.... ·-· } . , •"· -12 '·; 
The pulp, a.tter oooling, ie wa.ahed. •wi't-h ·tt'e.:Sh.- Clpol[•-_1.1, 

• ,:-..• .,. • ~-·: ,J-•,·,:~ ;,·~-. .. ~ , .. 

1ng .liquor. The waah1ng oont1nuee ·unt.11 · only a al1atii' · -' ., 



··-··. 
. -
' 

4 ., ' •• 

In Lau's (7) work wit-h bamboo, it. wa.s found th.a~ .for 

a given t,empera.ture, t,he a.mount of 11gn1n _reznoved . .in 1:1.niti 
. ' 

time was almost, oonstant, during t,he . fir.st few .ho-llra o( 
• • i.,.· 

h oa.ting , but 1 t :t,hen deorea.aed until, aft.er a.. ·oel'ta.1n· ,per-
• > ~ 1· ~ 

1od1 t he permanga.na.te number tended to beoom.e conat,.ant,. 
r • .· • •;.-' ,· ,; 

' . \ ' ',.,. ,_ . ~· •, 

Bea.ting beyond t his point would result . i n' an increase 1n 

the permsnganat,e number beoauee ot deoompoe3,. t,1on of.. th-. . . .,.. . , . ~ 

t ·~ ' ! 

pulp. La.u also found tha t. for eaoh 10 C. 1~crease in ·· • 

temperature. the Gook1ng time 1s reduQ.ed b7 .tia.l.tt ' . .t.t, l~O 
. 

Co and above, both t.he t,1me needed tc:ir aook1ng. find lignip. 
.. . , 

remaining i n the pulp are low; but, at. t.~a ,. tempera~ure ),ne · · 

yield 1s a lso lowi) In order to ge t, a pulp ·(baml>~o) Wi't.h 

a. per mane;anat,e number of ll, Lau, us1ng a 50% sodium. 

xylen e sulfona.t,e aolut.1.on had to cook it, fo,r approximat;,ly 

s1x hours at 185 c .. , and 14 hours at, ~75 a. After 16 

hours a t 170 c. the · permangana.te number ,was only '1211 

Upon continued cooking• t.h,a permanganat,e number rema.1.ned 

the s ame. I .n all of La.u • s oooks the alpha oellulo$e of 

t he pul p was a.pprox1mat.ely 93%, wnioh 1nd1oates ~ha\ .'V.ery­

little degrada~1on ooours below 185 c. 
Aooording to La.u' s work wit,h bamboo, h:,drotr9·p1o 

pul ps a r e 1nt,e r med1ate between sulpbit.e and a.l'.Pba ' :p~~p a.a 

f a.r a s oompos1t1on 1s oonoe~ned. There 1a ll~t.le d8f$%'9.d• 

at1on~dur1ng pulping and the pulp has a fairly high 

pentoaa.n content, (5 to 8%). 

' . 



It. was noted by Lil:" (7) and: Febt-yoy 

extra. sulfates in the form o,f sod1um iulfa.t.e. inqre~eve ·, t.h• 
• j( • • 

... . ' . 
ef:f1o1enoy of the cook. Fabryoy, !n h1s·, worlf com.:,ar1ns 

the efteois of hydrotrop1<l ent;s. on varioae cellu.loa1o. 

materials, used a. 33% solution of aod1um •1le:nesu1tona~ ·. 

in a.dd1t,1on t,o 4.8% sultaieG in the fora ot eodiwn· aut~ 
fa\e. James and Roeenbo _ - {8) noied. \hat, by l)ut~•rl~ " 

_.;. ' .. 

s~o:nger pul.p w1 th a h15ber yteld waJ prod\lete«• · 

As an example of'. the oomJ))()J1 t.1on Of d.1fferent, hyd:?'0-:" 

tropic pulpa, the results or Gromor and Ode-nt:aor may be 
'· 

-o1t.ed (4)., These , two 1nvest1ga.\or ·u.se(l a eookin~ aol ... 

ution of 40% sod1wa xtlene·sultonate 

150 a. The _ ~ter1a.le be1ng pal'P$d were a.a.pen, _ b1I'O:ht 

pine, s pruce , and · wheat straw.. Tb-e hardw:o.oda b.a4.' .• y1el.4 

of 51.08% a.nd_ oonta1ned 2. 75" l1i!l1n. 6.5% pent,oa~•• 88% 

alpha.•celluloee, and o.oa,S a.ah. The 71eld pf ~he a.oft.• .' 

woods was 66i! 6% but,. t,h.ey re\Q.ined approxtt11at:eiy .5()" t,t 
'i. .,, 

t. e1r original l1gn1n, -nhus o:~nf1rmlng t,be rel~t,1vely -lo~ . 
~ 

solubility of aottwood lignin. S~r w had a y1eld ot 48. 

oont,ained 8.8% l1gn.1n1 90.1% e.lp..~El.•c&lluloee,, apd had · 

aopper number of 2.,2. The spent liq rs Qonta.i:ned a re1a• 

t,ively low a.mount, of sug rs, (11 tto 12%): 

fural and volatile ao1ds. 

To determine the effect. o! cooking t1,me, 

oooked at 150 c. for periods v rf11'1S ftom 0.5 ~ 6 

... 

.. 



The results revealed t.hat ·dur1ns t.he firet --t;wo hours 17.,2~ 
'. 

of the l1gn1n and 21. 7% of .. t.h.e I"edtto1ng ~ubat,an(ies are ,·· '· ; 
,.. ~ ~ ' .r- ... l-. • • H.l ,,,, 

solub111 ti zed., 

ADVJ\N%AGES QX METHOD 
In oompe.r1ng __ the hydrot,roplo and kraft, ,~oeasea,, ·r-

MoKeee (9) points out that, t.he hydrot,roplo ~~~~s 1•···au~ 
er1or · 1n several ways. The kraft, prooea, ~vea :, ''!- 7ield. 

• .• "1t, • . ., -. . 
& ,• , ,. • ~ .... ~ 

or tive per oent. lees than the hydrot.rop1ci' proQ,..a.a_:..j., -Th.• 
- V • ... ./•l! 

qual1 ty of the pulp based on the a.lpha.-celluloa~.- -1~-. ht$b~l" 
.. ,. -. ~ .~ . 

in the hydrot.rop10 pulp. The rec,overy 6f kr-aft, 11quor ·' · 
,,1 -~-•. ,,.. ....... . ... 

requires two step evaporation to high so.lid o.ont.e.n~ · bur- . 
., -, I• • ~ • 

ning the conoent.ra.ted liquor, dissolving th~·- ~eh·• ~ail•· 

o1z1ng t.he solution l'.1.t,h lime, and t.nen rel>um1ng t,p,t · 

11me. All t-his 1s required afier ea.oh cook. I~ t,he hyd• 

rotrop1o solutions 1~ is only neceasary _t,o dilut,e ihe . 
. . . . ·t. 

solution w1 th water, tilt.er out, the 11gn1np and t,}).en oon..,- • • .. : - . . . 
oentrate the solu~on to cooking strength _ in a : slnsle .• · ' • 

et,a.ge evaporator.. Thie needs to be done only ·at't,er ever?_·· 
. ,·" ~- ·: 

five or six oooks. AOoord1ng ~o McKee• t.on to~ \Ont~-~ - ~ 

hydrot,ropi_c mill would oost two-thirds as much t,o. bu1l.d ·, ·· ,, 

as the ltra:rt. mill. Laat,ly; the chemi~lal lose 1n · the byd.{ , 
rotropio prooeaa 1a about o. 5% due t,o ohem1oale conaUM4 ; 

1n tb.e cook, lea.ks 1n the syat,em and oh•mioala not, waehe4 

out, of the pulp. 



W$itr.illi 
Tests on bamboo 11.gnin obtained by· tbe hydrot.rop:l·O 

.:._,, :· .' ·,. .. , ;.;;, ... 

prooesa by Lau (7) and t;estQ on poplar .:J..1gri1n'·by· Dr·•· ~x_.;., ,. 
-., . ··"' .. ·,•f ... • i.. \. -

' • • w • I • '!:,. • ff,' 

1pet.z showed that t,hey a.re oloaely z-elatet• ta.u•• t»lim.;.. ... :.,. > 
• '• ' _, "/. , ,- I )o--~ ~• ! ~. 

boo 11gn1n oontained no pentoeana or· aultur and ·had a.ii ·· 
. ~ - . t ; 

ash of o. 97%,. The l1gn1n wa& a.bout, 70~ -:•olub.le 1n ~~l := 

(7,9) 

.,. 

' . 
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EXPERI 



,ti • \ •• ►-

The p\lrpoae of thie 1nvestJ.gation 1s to oonsf.dex-
. . e 

t.he feaeab111 ty ot prod.uo1ng a h1gh 1-r'. ld, Pllili> 't.hrtl~-
hydrotropio y;.~lping• I~ is also int,ended t.o t.eat t,he _. 

' 
pulp produced and compare 1 t. t.o a o.ommero1all1 produ.oed , 

pu.lp. 

The experiment.al work will consist. of at,:~mpts W , 

produce a. pulping operation Jt·elding a. SS,·.--7";, .:. ~~~ 8~:,,, · . '!), 

pulp yield. These oooks will be -made ~n experimental 

bombs using sodium xyleneaulfonat,e a.a the hydro.t.ropio 

pulping ohem1oal. This work will be o~ried ··ou~-on & 

hardwood sample. 

After cooking• the PQlP will 'be· wa.th.ed bot-h 1n a 

fresh pulping a.olut.1on an4 wat.er a.ft.er wh1ah ,. t ! wi~l, 

be mechanically defibered• One por\101) of the pulp 

will then be teated ohemioally tor t,he various eon­

st1tuent.s of wood. A aeoond port..1on will be 1.1sed tn 

ma.k1ne; handsheet.a to determine 1t.e s\rength development 

oharaoter1 et,.1cs and final physioal et;rengt.b. Th• NlUl)a 

of these teats will. then 'be compared w1 t.h those of a 

commer1cal pulp. 

_ ___A 
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PijLPlNQ 

A- Pulping Equipment 

Two types of pulping $qu1pment were \lsed, bomba and 
' a.tmospherio oook1ng equipment,. The bomb w re oonstruot.d 

from four 1noh heavy duty iron p1pe t,hre d d at bot,;b. ends • .... · 
. . ~ i ' .. tt, 

The bombs were approximately a foot long ·and had ·an approx~ 

ima.te oapa.oitty of 1400 ml.. Sealing t..he bo~b• wa:& aooon,pl,1 h&<l · 

by plaoing pipe sealing oompound on the th~$da -and Ulen 

plaoing oaps on both ends, These caps "~ th♦n s&cn1red 

w1 th a pipe wrenoh. The bombs re bea\Gd by· pa,rt.iall.y au► 

merging them 1n an oil bs:t,h. 

The e.t,mospher'io cooking eq\lJ..P(llEUlt oon~a~ed -$1mp1, of 

a wire basket to oont.ain the wood ohips so, t~ey oould bf­

kept completely submerged, a buok•t to hold t,11$ Cf<)ok1 

liquor and a means of heating the baO.k,et, and its. oont.en_te.; 

, B; . J?ul p1ng·· Met,flod 

'.l:wo cook~ ware ma.de in the bombs, (Ptllpa I & V);; 

wood. ohips (Aspen soreened 3/8 to 3/4°)• approximatel1 
. 1 · . . 

70g per bomb, were plaoed in the bombs with. 750 .tn1 of 

40% aod1um xylenesulfonat.e cooking liquor., The liquor 

was prepared by 41ssolv1ng 500g of sodium xylenest1l:t'Gnate 
' 

in 75CJ ml of water, I'he bombs were then sea~• and ·placed i n 

a pr&hfta.ted oil bath. The oil temperature 1.mmediat..ly d:rop~4 , 

and was the.n 'Qro 



:,.32 :· 
The one cook (Pttlp IV) made a.t at.roos,pherio pres~urt 

was a.ocomplished by submerging a.pprox:lm&ttely 200g of oh1pa, 

oonta.ined 1n a wire ba.sltet,t 1n enough {4500 .ml) ' ot ·tae .\OjC 

BOdiWll xylenesulfonat,e cooking liquor to , Qover \h.tlb oomplei.­

ly. The liquor was then heat,ed. , . 'bo1Ung :. a.nd. was oia1nt.&J,M-4 . .. 
at that. t,empera.ture for the entire cooking pe:r1~d• . Wawi:-

was added ao ae t.o ma1nt.ain s. oons~nt, volu• a.a 11:t boti•d 
away. 

'. 
Af1.er t.he pulping ope;ratJ:on' was tinleh.ed and suffioent,!.. 

ly cool.ad t,he Q.ooking liquor was dral,~cl., .trom ·~e ohi.r,1., 
'. 

The oh1 ps were then pla.oed in a fre1;1h ·· a~di.t.µn. x,3.enesuJ.tonatA 
) ' .. 

solution and allowed to soak at room temper&,~ure ~o~ @OQn-

troled lengths of' time. rue solution waa fihen dralned t~m 

the ohipa and a seaond :tresh solution was aq.<;t•d• The final 

washi ng so.lut.ion was drained from t.ne ~pe._,,.,,,.,tt.er several 
. • J' i 

day, e.nd then they were ready t.o be de'f1bere4,. No atiempt 

wa$ made. to save and reuse ~he ohem1oal. 

A. Eq u1 pment 

The pulp oh1ps were d.efibered in a Bauer Di•k .Refiner 

using ooarse and fine plates. The pulps. ;:'exo~pt, I, were 

screened 1n a Valley Iron Works Soreen. 

Bo Method 

After t.he oh1ps were washed free of di ssa-lved l i gnln 

they were defibered in a Bauer Disk Rtf1ner. The re'rAer 



was set at a load of .3 a.mparea when runnlng w1th Juat. · 

enough water p saing through 11;, 1i,o oarry t,he oit1ps. 

Pulps No. I and V were sent t,hreugh t.he ~e:f'1.ner onae, · 

using the ooaree plate, P,ulp IV was eeut. tbl'ough tbe 

refiner twi~e using the coarse pla~e. The pulps· were 

then sent t.hrough t,he ref1ner U41ng th.E; fine plate~ 

Pulp I was Qnly sent past the fine plat,e onQft; pulp .·xv 
and pulp V were •e.nt, through twioe a.nd then aeree.ntd ox,.:-· 

the Valley Iron Works sert.ien. 'l'he .reJe-o~a were then eent, 
. 

baolt to the refiner until only a. e.mall , port.ion of tne 

pulp ,ras re jeoted. 

llEL,12 Dli?XiflM,IN :itlQI 

The yield of the pu.lp wae d.etermine:4 b.:t taking .\he ··. 

pulp art.er d·efiber1,1ns and soreen1ns and preJs1ng 1\ ·\o . 

aa high a oons1s\ency as possible. Tb1s wa;a -..coompl1.ehed 

by putting .the pu1p in~ mualin bag ·a.nd aque~uns out \he .. . 
wat.er to form· crumbs. 'l'he pulp was than w~d.ghed. end an 

aliquot :port,1on was t,aken t-o d.e.terlDi'rte the mo1,,a1,u,r,e ot 

the pulp.._ Once the moisture oont,-ent. ot the pulp was Jmown 

th~ yield was _oaloulated. 

BE,A'.1;:tNG 

The pulps (hydro\rop1o and cornmeroial NSSO) weN 

'beaten 1n a ball iuill. w1 t,h an appro,xiznat;e cH.lP&1Ji t,.y ot 

3500 ml. ~nd 12 pounds of $1iones. The bea~ing. cona1stenoy 

varied from_ 2 to )%•- ,_ The bea.t,1.ne; 010·1e e~ar~~ ·w1 t,h 12, 32 

' ' 
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pounds or atone on 3000 ml,. of water and 60 ·t.o S,0 .$• o-t. 
·pulp.. A.s t,he beating ,,a.a oont1n\led. a~ples were remov·•d 

for freeness teat,s and hand.sheets. upon Nmoval ot t-neee 

samples, the cons1stenoy remained. oonetant, but the volume 

of stook deoreaaed, causing a greater at.one wight t,o . 

stoelt rat.lo as the beating continu.ed.,. 

HAND s HEEi 'tfi 

Sampl~e t,aken from f,he ba.ll- mill were· test&d: tor 

freeness ao ording t,o TAI?Pl Standard . T-227., ( Ca.uadian 

Standard Freeness) All ha.nds.heet.ia f"or determining th~ 

strength ohe.ra.ot.erletioa of the pulp. were made aooording 

to T A.PPI Standard T-220~ The ha.ndah.eet11 were then drbtd 

in a. relat1 ve humidi t.y or 50 per cent. be'fore t,est.!ns. ~ 

A,. Weight 

The individual sheets weighed one. balance aens1t1ve 

to 2 mg o were air dry. 

13 ,. Thioknesa 
, .. 

The t.h1cknees of the oheet.a was mea.&\lred .ao.oord1ng 

t,o 'l'APPI St.anda.:rd 'l'-410 wi~h the except.ion- that \h$Y 

were men.sured 1ndiv1dually, as opposed ·~o f'1V♦ ,a\ a 

t1me. The bulk was then determined by the formule.J 



o. Bursting Strength 

The 'burat1ng att~engt,h of the sheet.a 

aooording'tQ TAPP! St.ands.rd T-40:,. 

D,, Folding Endurance 

The folding endurance t.~ata were ma.de 

fold teeter, a.caording to TAFfI St,andard T.-423.-

E .. Tearing s·tre:ngt.~ 

The tea.ring strength of t,he •ne~ts was det,erm1ned 

using the Elmendorf tie.ar1rJg t•s~exy ~o<,ording t.o 

'f APPI s tandard T•414., one exoept,ion muat- be no,t&d, 

that, 1 s, several of the t,est,a were ma.de · using f()tir, 
, • I 

sheets instead of five. 

F. 'l'emsi le Bt,rengt,h 

'rhe t ens1 le strength of the aheeta was 

aooording t.o ~PPI StJm.dard t-4-04. . No 

measurement s were made... The str&~th test 

were then converted trom pounds per .15 nim. strtp t.o·, 
breaking _le~th 1n meters. Th1s · oon:vere1on we.11 

oulaiecf by ·uaing the formula: 

Breaking Le~gt.h ; " ~ 2.11 !2QOl ~te!:ln11·1,-~~slfl~et' ¼~~) j 
· bas.1 a weight, poun a..- , x . - o 

All . t,es t.a were \.hen e.onvertt)d .)o 50 •Pol.Ulds-25" 

500 t.o tao111 t,at,e compari..eon of the di tt'er~n\ pulp•• , . ~· , 

QJ~jMl;C{\L ~ 
. ' . 

The ohemloal tests were limited -to 11:gntn .de~rm1n-
• ,, 1/ • ~ 

at1on of the pulp.- · Thi a ~est; w~s oarri~d out. 9-oooraing 

to TA.PPI Standard 1•-222 with the exoep~1on t,.~~t t h e ?>en• 

zene- a.loohol extraQt1on was om1tt.ed .. 
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In hyd.rotropi o pulping, as in most. pulping oper­

ations. ·the strength oharacrter1st1_cs _of a eneet ·ma.de tro.m 

the pulp 1noreases as the yield deorea.es-!J However', 

the lowest yi eld (54%) hydl:'OtropiQ pulp does not make a 

sheet with atrengt.h eharaoteri \i<UJ r&S high ~& tboee of 

El. 70'/,i NSBC pulp. 

It was observed that 't,he strength of the pulp in-. 

creases very rapidly a.a the f1r:st porti.ona of 11gn1n were 
. . 

removed. However» a.a more llgnin waEJ removed the atrengt,-h • 

1norease tended to level off. This. may be, explained tn 

part by the fa.ct that as t,he 11g_n1n was removed from. _t.be 

ohips, the oook1ng sclut1on became more ,and more aoid.- · 

Tb.1s acid solution caused hydr 1y· 1a ot the cellulose a.a .· .. 
well a.a the• further removal of 11gn1n'. _ · ~ 

It should be noted that the low lignin content d~ 

gradated oellulos~ pulp made a sheet with b.igher strength 
' 

oharacter1at1aa than did t.he hie;h lign1n oon-.ent non .. deg­

radatad cellulose P-tlPo From ihis it would have ~o be 

assumed that even degradated oellulose hae better pa.per 

making que,11t1es tpa.n 11gn1n. 

From this work, it. appears that. in order •t.o 

a hydrot.rQp1.o pulp l4 t,b f avorable strene;th char !>ter1-s-. 

tiost the oook1ng 3olut1on would h :ve t,o be .buffered a\ · 
' a.pprox1ma.tely the neutral point.. This would prevent, arrt 

aoid hydrolya1~ of the pulp. 



:\ Pr-JIDIX 



Pulp 

I 

it 

V 

TABLE l . 

aooking Tim, ~mpera.tu.re - end. Oond1tJ.ona 

.x.. 
Type Yield Temp. 

Bomb 77~8% 150 C 

Atm.* 85.1% 100 0 

l3omb 54.o~ 170 C 

T1me to 
4aX., T.$mp. 

,5 hr. 

....... 
l 5 ln•• 

Tim• at OX-1g. 
Max.. ~JDP~ · pH 

• 15 hr. f).l. 

6 l).r,. 

4',5 pr. 

* Oook 4t .A\mospherio Pr asi.ire 
. ' 

TABIE II 

Lignin Determinattion (Baeed On Weigh , 1,0'r_ Wo,o4) 

n.nal 
pH 

54 

Pulp '4' ic1: (A) 
L1e;n1n 

1n1ng 
usn1:n · :•: ._:.,. ·won;usnin 

R&mQVG4 (B) , ', .. ~ri~l Removed (100-A-B) 

I 77t8% 12,.6% 10Q8% · . · ~l.,4%' 

IV -8541% 15,.5% 19% ·10% 

V 5,4~0% J.9% 19 5% · '6 5% 
A.SPSN OONfAINS 23.4,C Ll-GNlN , ~ 

TABIE III 

l'hys1oal Teet Reaul~ or Pulp .I 

Freenf;J a e · 

750 5lo 

Weight (g/sheet) 1~20 l )0 1.:a9 ' 

Thickness ( 1/1000 or 1n, ) 7.3 4.8 . ,.2 
Bulk (eo/g) 3~09 1.88 1.26 

ne1ty {g/oo) t.324 .532 -.194 .. 

M., Io T. Fold 0 4 24 

Tear (5 aheet,s) 2o5 1.a 6.,4 

Mu.llen (#/in. sq.) 1.75 13.10 19.80 

Tensile (#/15 mm.) 048 8,70 9.45 
' -· 

l-



T IE IV 

Phy io l T s . Result,s of Pulp IV 

en sa 

430 303 

ta1 ht ( /she ) 1,.29 1.30 1.2 ... 

1 kn a (./00 of 1n.) 8 0 6 7 5.4 

3.15 2~62 2.13 

Do 1ty ( :,/ o .318 .382 .469 

0 0 0 

(5 he t ) 4.,4 4.2 :,.6 

lle (. /in. q.) 1.20 1.55 2.75 

Tenoil (,1/15 mm.) 1.52 2,.44 3.69 

TB V 

Ph io l Teat asult, ot Pulp V 

enee 

'1 ight, (g/sh ) 

Th1o ( /1 00 of 1n. 3, 6 

Bul ( c/) 1.39 

no1ty ( /o ) 

5 shh t) 

_ 11 n (, / n. sq.) 

ens11 ( / 5 mm.) 

.7 9 

15 

12.0 

18.85 

9.93 

325 

1.34 

3c.5 

1.33 

0752 

7 

10.e 

22065 

10.05 

183 

1.34 

3.4 

1.29 

.775 

}O 

165 

1.28 

4.6 

1.83 

.547 

0 

3.3 

3.80 

4.38 

9.8 

25.75 

12.50 



TABIE VI 

Pb.ys1oa.l ~et. Result. of 7D~ Y1 ld 880 Pul.p 

~eneaa 

463 365 l&S 
i 1.ght, (g/sheet,) i.,s 1.~ • 1.,s ✓ 

'l'hloknes · (1/1000 0~ 1n.) 3 .. 8 3 •. :, 3 1 

Bulk (co/g) l 02 089 _a_, 
De,nai ~Y' ( g/ cc .985 1.14 1.21 

oI T Fold 45 :Yf-9 l.097 

a.r (5 sheet.a) 15.0 13.4 11.1. 

Mu11en (#/1 .-~ q.)·. 34-.95 50.4 56.5 

Tens1l (#/15 mm.) 14.5 15.5 20.s 



TABIE VII 

Ph.ysto l Test sults Corrected to so1-25•x40•-500 
Taken From Figure■ I.I, III., and IV 

~ 1 ( 77 • 8% Yield) 500 

Brea.king tangth (meter~) 4040 

B1.U-st (#/1n. sq.) 14.2 

Tear ( s/ sheetj 26. 5 

~p 11 (85 •. 1% Yield) 

Break1ns IJangt.h (me~ra) -880 

:Burst (I/in. aq,) 1.2 

Teo.r (g/sheet,) 

PJ!J.R l (5'hO% Yield) 

B"&k1ng teng'Ul (Dlet.e~•) -

Burst (#/1n. ·sq.) . -..-

~ ~ (70% Y1el4) 

BNtaking lAtnght ~(meters) .. 
Bura.t (#/in, sq.) 

Tear (g/sheet) 

.... 

-

Freene•• 

400 · 300 

4160 4250 

. 16.a . 1s.2 

25.4 24.2 . 

. 6780 
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