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>
A literature survey 1s nreaented goncerning’ the use.
of hydrotropic solvents 1n producinm wood ‘pulps.. The .
strength characteristics of three hydrotropic pulps
(54, 77, and 85% yleld) are investigated and compared to |
a commerdial NSSC pulp, (70% yield) | i ;
The experimental results {nd1 guve that tne Qtf;néth:ﬁ
characteristics of the hydrotropia“pulpu xnoregaﬂ-iu the
yield deoreases, however all pulps weraxleiér in strength
oharacteristics than the NSSO. It appears that ihe_daék» :
ing liquor would have to be kept from becoming acid if a
hizher strength pulp is to be produged, "
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LITERATURE SURVEY




A STUDY OF HIGH YIELD PULPS USING HYDRCTROPIC SOLVENTS

DEFINITION

According to McKee (1), hydrotropie solutions are
those aqueous salt solutions which effect decldedly
greater solubllity of slightly soluble substances more
than does pure water at the same temperature, This phe=
nomenon 18 the reverse of the common salting-out effect
following the addition of many electrolytes to agueous
wolutlons of numerous solutes, These phenomena of inorea=
sed solubllity were first notes by Newberg in 1916; The
salting-in effeoct (28 opposed to salting-out) is shown v 3 :
best by concentrated aqueocus solutions of very soluble
neutral salts of organie acids, with organic substances
as solutes which have a low solubility in water, The
phenomenon, however, is not confined to the fleld of
aqueous solutions of organic salts and organie solutes,
but is found in the inorganic field as well, It is
largely independant of pH and scems to be best explained
by the theory of mixed solvents,

ey

Some of the chemicals which show hydrotroplc prop=

erties as far as pulping is concerned are sodium benzene«

isulfonate, sodiun tolunesulfonate, sodium xyleresulfonate,

sodium octylsulfonate, sodium ethylbenezenesulfonate, sod=-

iwn butylbenzenesulfonate, sodium cymenesulfonate, sodium



butylsulfonate, and sodium benzoate., (primarily article

2) The ammonia and calcium salts are also hydrotrople,
but not as effective as the sodium salts., (3) 1t appears
that the delignifying power of the sadium bonzenmsulfbnat¢
derivatives increases as the number and eize of the alkyl
groups attached to the bengzene nucleus inoreases and that
the alkylarylsulfonates are better dalignifying agents
then are the alkylsulfonates. There is very little differ~
ence among hydrotroplo agents as %o the effeot on carbo-
hydrates, (2) The dissolution of lignin with hydratroﬁla
solutions appears to take place in two steps, In the
first, the lignin is changed by the action of hot waﬁcr
at cooking, and in the seocond, the lignin so altered 1s
dlssolved in the hydratroplo solution, (2,3)

The pulping of coniferous woods with hydrotrople
solutions is very unsatisfactory, due to the relatively
low solubility of softwood lignin, (1,2,3,4,5,6) 7
- The most common hydrotropic agent used is sodiuam
xylenesulfonate, There are saweralrgaaqng‘rdfité_énﬁ;
eral use, These are, its relatively low cost, high delige~
nifying power, abundance, and the relative ease o:fproeipa
itating the lignin from the pulping solution, .;ignin'&an
be preelpitated from the pulping solution by siipxy'&;&u~
ting 1t to ten per gent sodlium zylonaéulfonabe, hé oppéi;d‘
to scdium cymenesulfonate, which must be dlluted hq two

per oent,




GENERAL PROCEDURE ‘
In hydrotropie pulping, a solution of from 30 to 59%
hydrotropic agent is used, The wood iq chipped ana 1:
gooxed in a digester very similar to the kr#ft‘digea%eﬁé'
The process 1s adaptable to continuous pulping, Howtvdr.:

in experimental work, both laboratory digesters and bombs

are used, The ratio of cooking liquor and wood variel,

but, as an example, Lew (7) working with bamboo. uﬁaa 750_. 

mi. of solution per 100 grams of bamboo, ;
After the cook, the cooking liquor is drained tr@m

the pulp, This same liquor can thenfﬁe reused five or Qix,,: ~

times before it has to be sent to the recovery plant, The

recovery of the aooking liguor involves diluting“ﬁho liqnlf i

uor with water and heating until the diauolved 1ignin

precipitates, The heat soagulates the lisnin, makln& til-"

tration possible, After the lignin has been ooagulated, :
1t 18 removed by filtration, The liquor is then nant’tb‘
a single stage evaporator which brings the flltrate back

to the needed concentration.,

The pulp, after coolins, is washed with freeh aaak- ;;‘

ing llquor. The washing continues wntil only & allght |
color is given to the washing liguor, g&ohwwadh,ig yllgi-

owed to stand for 15 minutea at roam(%emparatureg- aftaf%
the pulp has been thoroughly washed with the hydratreyia'“\
solution, it is washed several times with ‘water to remove i

any remaining pulping chemigala,




In Lau's (7) work with bamboo, it was found that-ibr“
a given temperature, the amount of lign;nkremoved‘in unit
time was almost constant during the first few hours of
heating, but it then decreased until, after a»germa1n y§r—
lod, the permanganate number tended to become constant,
Heating beyond this pdlﬁt would result in an iﬁbraang in
the permanganate number because of decomposition of the
pulp, Lau also found that for each 10 C, inerease in ‘
temperature, the cooking time is reduced by halfy ' At 190
G, and above, both the time needed for cooking and lignin
remaining in the pulp are low, but at tthvtamperatureiﬁhe'
yield is also low, In order to get a pulp (bamboo) with
a permanganate number of 11, Lau, using a 50% sodium
xylenesulfonate solution had to cook it for gpbroximatﬁly
8lx hours at 185 C,, and 14 hours at 175 C, }After 16
hours at 170 C, the permancanate number was dnly‘la.'

Upon continued cooking, the permanganate number remalned
the same, In all of Lau's ocooks the alpha cellulose of
the pulp was approximately $3%, which indicates that very
little degradation occurs below 185 C,

According to Lau's work with bamboo, hydrotrcn&ﬂ-
pulps are intermediate betwsen sulphite and alpha pulp as
far as composition is concerned, There is little dqgrad»

ation during pulping and the puip has a fairly high

pentosan content, (5 to 8%),




It was noted by Lau (7) and Febryey (5) that adding '
extra sulfates in the form of sodium sulfate increases the
efficiency of the cook. Fabryey, in his~;ork"dbi$trine |
the effects of hydrotrople agents on variouﬁ u§k1ulun£a L
materials, used a 33% solution of sodium xylen6§u1£0n3$§ :
in addition to 4.8% sulfates in the form of sodium sul=
fate, James and Rosenbogk (8) noted that by buffering
the pH of the cooking liquor at approximately j Pt iﬁmﬁﬁﬁfi'
stronger pulp with a higner yield was prbdunaﬁ¢

As an exanple of the composition of dlfrafaﬁt hyﬁ?pfi
tropie pulps, the resulis of Gromor and Odentsor may be
cited (4). These two investigators used a‘oookina 8ol-
ution of 407 sodium xylenesulfonate with la—hoﬁ#'uaakh‘§&fal
150 C, The materials being pulped were anpen, blrdh, .
pine, spruce, and wheat straw., The hardwoods had a yiela
of 51,08% and conteined 2,75% lignin, 6,5% pentosans, 88%
alpha=-cellulose, and 0,02% ash, The yield of the safﬁ~‘  .
woods was 66,6% but they retained approxlma&ely 50% of
thelr original lignin, thus oonflrming the relstively low
solubility of softwood lignin, Straw had a yleld ot #B.Q%;
contained 8,84 lignin, 90,1% alpha-cellulose, and had a
copper number of 2,2, The spent liquors contained a rela*
tively low amount of sugars, (11 to 12%) as well as a furv '
fural and volatile acids, e

To determine the effeot of cooking time, aspen wib
gooked at 150 O, for perlods varylhg from 0.5 to 6 hours.




The results revealed that during the firet two hours TTaEQQ«
of the lignin and 21,7% of the reducing substances are
solubilitized,

ADVANTAGES OF METHOD ,

In comparing the hydrotropic and kraft prbcaaaen,
McKeee (©) points ocut that the hydrotroﬁio proaéis 18 sup=
erior in several ways, The kraft process gives a yield
of five per cent less than the hydrotraplo proaala. Thi
quality of the pulp based on the alpha-gellulose is h&gher
in the hydrotropic pulp. The regcovery of.knatt,liquar
requires two step evaporation to high solid contant, bur~
ning the concentrated liquor, dissolving the ash, otaati*
clzing the solution with lime, and then reburnina thp :
lime, All this is required after each cooks In the hyﬁ*
rotropic solutions it 18 only necessary to dilute the
solution with water, filter out the lignin, and then con=-
gentrate the solution to cooking strength in a single .
stage evaporator, This needs to be done only after every
five or six cooks, According to MoKee, ton for ton, the
hydrotropic mill would cost two=-thirds as much to build _ 
as the kraft mill, Lastly, the chemical loss in the n&a@f
rotrople process is about 0,5% due to chemicals consumed
in the cook, leaks in the system and chemicals not washed
out of the pulp,




LIGNIN :
Tests on bamboo llgnin obtained by the hydrotrcp&ﬁ

process by Lau (7) and tests on poplar,lignihiby Dr;MPtI”
ipetz showed that they aralolosaly reiated; Lnu‘s‘baﬁ;f-w,h
boo lignin contained no pentosans or.aultur énd had an

ash of 0,97%, Tae lignin was sbout 70% soluble in methyl

and ethyl aleoohols, The lignin was fractionally prégxp?-;
itated, The first fraction had a'nathaxyl content q;%iﬁjf_fjv
14,87 and the sesond had a 15,4% oonﬂpht. This lisﬁiﬁ il“"

relatively reactive and ean be used for a base tor'plas»’ § ik
ties. (7,9) s
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The purpose of this investigation 1is to qoﬁhidbb
the feasabllity of producing a high yiildfpﬁlp‘ﬁhraﬁsh
hydrotroplic pulping. It 1s also intended to test the
pulp pﬁoduoed and compare lt 1o a commercially produaéd
pulp, ety :

The experimental work will consist of attqmp@u tol
produce a pulping operation ylelding a 55,575, and 85%?’ .
pulp yleld, These cooks will be made in experimental .
bombs using sodium xylenesulfonate as the hydrotropie
pulping chemical, This work will be carried cut on a
hardwood sample. /

After cooking, the pulp will be washed both in a .
fresh pulping solution and water after which it will
be mechanieally defibered, One portion of the pulp
will then bq tested chemlecally for the various con=
stituents of woods A second portion will be used in
making handsheets to determine its strength dével@pmen&
characteristics and final physical strength, The results
of these tests will then be compared with those of a

commerical pulp,
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PULPING
A, Pulping Equipment ‘

Two types of pulpiqg equipment were used, bombs apd
atmospheric cooking equipﬁent. The bombs worﬁkdanatrucftd
from four inch heavy duty iron pipe threa@od at both ohd@&;-
The bombs were appraximately a foot long and had an~upnrbx$
imate capacity of 1400 ml, Sealing thé bombs wus auc0mp11!h9a'
by placing pipe sealing compound on the threads and then
placing caps on both endss, These caps worb,thﬁh secured
with a pipe wrench, The bombs were heated by'partiully sub~
merging them in an oll bath, _‘ i

The atmospheric cooking equipment aonaxatad;aimply of
a wire basket to contaln the wood chips so they could be
kept conpletely submerged, a bucket to hold the gooking o
liquor and s means of heating the bucket and its obnbeﬁtaa“ 

.Bes . Pulping HethHod | » ;

TWo cooks were made in the bombs (Pulps i & V) The
wood chips (Aspen screened 3/8 to 3/4"), approximately
70g per bomb, were placed in the bombs wlth{750.m1 of
404 sodium xylenesulfonate éoeking liquor, The liquor
was prepared by dissolving 500z of sodium ﬁyloneauifonnin
in 750 ml of water, The bombs were then sealed and‘pi&aed in
a preheated 011 bath, The oil temperaturé 1mm9d1aﬁly dropped
and wag then brousht slowly back to the cooking tempers

ature.




The one cook (Pulp IV) made at atmospheric pressure

was accomplished by submerging approximately 2005 of ehipn.'
conteined in a wire basket, in emough {4500 ml) of the 40%
sodium xylenesulfonate cooking liquor to cGover them eomp&atn¥
ly. The liquor was then heam.'qu‘boinngfand‘was ma&nmmd
at that temperature for the entire cooking period, Water
was added so as to maintain a oconstant volume as 1t'boiiod

away.,

After the pulping oporaﬁion‘was finished and au:fiaénﬁ?
ly coocled the cooking liquor was drainnd\tromftha chinu.
The chlps were then placed in a fresh”dddiuma?ylonsaulrbnnht
solution and allowed to soak at room tempﬁrd&uro.fbr uncon=
troled lengths of time, This solution was then drained from
the chips and a second fresh solution was added, The final
washing solution was drained from the chips after several
days and then they were ready to be dafiberﬂﬁ. No itﬁﬁmpt

was made to save and reuse the chemigal,

DEEIBERING AND SCREENING
A. Equipment
The pulp chips were defibered in a Bauer Disk Refiner
using eoarse and fine plates, The pulpa,;axcept I.Auvro
screened in a Valley Iron Works Screen,
B. Method
After the chips were washed free of dissolved lignin
they were defibered in a Bauer Disk Refiner, The rerfer
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was set at a load of 3 amperes when running with Just
enough water passlng through it tc carry the gﬁ;pl.‘
Pulps Noes I and V were sent through the refiner en&e,.
using the coarse plate, Pulp IV waé gent through the
refiner twice using the coarse piata; The ﬁulpu-werp{
then sent through the refiner using the f1na‘ﬁ1ate.' ;
Pulp I was only sent past the fine pléﬁo once, puip‘rv
and pulp V were sent through twioe_an& then sﬁr@ﬂnﬁd‘aﬁ;
the Valley Iron Works Screen, The rejects were then sent
back to the refiner until only a nmallyportion of thé
pulp was rejacbgdg i

YIELD DETERMINATION
The yleld of the pulp was detmrminnd by taking the
pulp after defiberizing and scrbonihs and pressing it to

a8 high a consistency as possible, This was accomplished
by putting the pulp in a muslin bag and squeezing out the

water tobform‘orumbé. The pulp was then weighed and an
aliquot portlon was taken to determine the moisture of

the pulp, Once the moisture content of the pulp was known

the yleld was calceulated,

EATING v N
The pulps (hydrotrople and aammeroiallx$39) were
beaten in a ball mill with an approximate ocﬁiaihy of

3500 ml, and 12 pounds of stones, The beating consistency

varied from 2 to 3% ' The besting oyole started with 12,32
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pounds of stone on 3000 ml, of water and 60'£0‘90 g. Of
pulp., As the beating was conitinued, samples were removed
for freeness tests and handsheets, Upon removal of these
samples, the consistency remained constant but the volume
of stock decreased, causing a greater stone welght ﬁ6 

stock ratio as the beating continued.

Samples taken from the ball mill were tested for
freeness according to TAPPI Standard T-227, (Canadian
Standard Freeness) All handsheets for determining the
strength characteristics of the pulp were made according
to TAPPI Standard T-220, The handsheets were then dried
in a relative humidity of 50 per gent before testing.,

EHYSICGAL IESTING OF HANDSHEETS .
| All sheets were tested for welight, caliber, bursi,
tear, fold, and tensile, LT
A, Welght
The individual sheets weighed on a balance sensitive
to 2 mg. were alr 4ary,
Bs Thickness
The thlckness of the sheets was meaSureﬁ‘aaoording"
to TAPPI Standard T-410 with the exception that they
were measured individually, as opposed to five at a
time, The bulk was then determined by the formulas
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Cs Bursting Strength
The burating strength of the ahaets was determinad
according to TAPPI Standard T~403¢

D, Folding Endurance
The folding endurance taata.wer@ made uuingfan Kﬁxyrﬁlw
fold tester, according to TAPPI Standard $~425. *

E, Tearing Strength ‘ '

The tearing strength bf the sheets was determined
using the Elmendorf b@aring‘tester, a@@brﬁin@ ﬁe
TAPPI Standard T-414, One exception ﬂust be noted,
that 1s, several of the tests were made using four
sheeta instead of five, | ‘

F, Tenslle Btrength
The tensile strength of the sheets was &eterﬁiﬁ@&
according to TAPPI Standard T-404, No streteh
meaauramanﬂ@ were made, The atrang&h test reuulta
were then converted from pounds per 15 mm, strip to
breaking length in meters, This oonveraion was cale
culated by uain@ the i’crmla: |
Breaking Lengﬁh

All tests were then aahverted to 50 pounds-25" x 40"~
500 to facilitate éampariaan of the d4ifferent pulpsq; j‘
gﬁgﬁm QM mﬂ !

The chemical tests were limited to lignin deternin-
ation of the pulp, This test was carried out according
to TAPPI Standard T-222 with the exception that tna'bﬁn»

zene-alcohol extraction was omitted,
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CONCLUSIONS

In hydrotropic pulping, as in most pulping oper=
atlons, the strength characteristics of a ahaaﬁ'wade rrdﬁ-
the pulp inoreases as the yleld decreases, However, even
the lowest yleld (54%) hydrotropic‘pulp does hoi make a £a
sheet with strength eharacteriutio§ aa h;sh as thoaé of
a TO% NSSC pulp, ‘ 2

It was observed that the strength of the pulp in- 2 580 »fﬁ
oreases very rapldly as the first portions afrlignin.uurc ; {
removed, However, as more lignin was removed the ntronéth-
increase tended to level off. This may 50 exnlalnédfln~ |
pert by the fact that as the lignin was remoiqd from the
chips, the cooking sclution became more.and more acid, %
This acid solutlion caused hydrclysis of the eéllﬂlnla as
well as the further removal of llgnin.'r ‘ '

It should be noted that the low lignin oanment de~
gradated cellulose pulp made a sheet with higher strength =
characterlstics than did the high lignin oan&ontvnonwdeg-

redated cellulose pulp. From this 1t would have to be
agsumed that even degradated gellulose has bettar papor
making qualities than lignin.

¥rom this work, it appears that in order to prpdueé
a hydrotropic pulp with favorable strength characteris-
tics, the coocking 3olution would have to be buffered at
approximately the neutral point., This would pravént any
acid hydrolysis of the pulp,
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TABLE I
Cooking Time, Temperature; and Oonditlonu
Maxe Time to Time at  Orige Final

Pulp Type Yield Temp, Max, Temp. HMax. Temps. PpH pH
I  Bomb T7.8% 150 ¢ .5 hr, «T5 hry 9.1 Se4
IV Atm,® 85,1% 100 ¢ ~== ‘ 6 hr, 91 T.h

V  Bomb 54.0% 170 ¢ LShr, A4S hre 91 50
* Qook At Atmospheric Pressure ‘

TABLE I1 bR
Lignin Determination (Based On Weighgﬂé? Wood)

el - Lignin ~  Nomeligmn ;
Pulp vield (1) Remsiming nRemoved (B) Material A A

I TT.8% 12,64 20.8% . AlA%
IV 85,1% 15, 5% Tu9% b e 7,08
V ; 5490% 309% lgnﬁﬁ ; .; -v:.l; ( : 86‘5%

ASPEN CONTAINS 23.4% LIGNIN =

TABLE ITI ‘
Paysical Test Resulte Of Pulp I
Freeness

750 516 i
Welcht (g/sheet) 1,20 1.30 »"1‘29
Thickness (1/1000 of in,) 7.3 bl - 1t MR
Bulk (ec/g) 3,09 188 1,26
pensity (g/ec) o324 SR LTS
M,I,T, Fold 0 R SRRl
Tear (5 sheets) 2,5 T.8 6.4
Mullen (#/in. sq.) 1,75 13,10 19,80
Tensile (#/15 mm,) A8 8,70 ,‘ 9445




TABLE IV

-gpusioal Test Results of Pulp IV

welght (g/sheet)
Thickness (1/1000 &f in,)
Bulk (ee/g)

Density (z/cc)

M,I,Ts Fold

Tear (5 sheets)

1ullen (#/in, ®q,)
Tensile (#/15 mm,)

580
1.29
8.0
3,15
+318

0
4,4
1,20
1,52

TABIE V

Physical Test Resulta of Pulp V

weight (g/sheet)
Thickmess (1/1000 of 4in,)
Bulk (ec/g)

Density (g/ce)

M,I,T, Fold

Tear (5 shhets)

Mallen (#/ in. 8q.)
Tensile (#/15 mm,)

434

1,32
3.6

1,39

15
12,0
18.85

993

Freeness
430 303 165
1.30 1,29 1.28
6.7 5.4 4,6
2,62 2,13  1.83
«382 «469 « AT
0 0 0
4,2 3.6 33
1.55 2,75 3.80
2.44 3.69 4,38
Freeness
325 183
1.34 1.4
3¢5 304
1,33 1.29
o752 )
17 30
10,8 9.8
22,65 25,75
10,05 12,50




TABLE VI
Physical Teast Results of 70¥ Yield NSSC Pulp

Freeness

463 365 186
Wwelght (g/sheet) 1:35 1.34 1,35
Thickness (1/1000 of in,) 3.8 3e3 Jed
Bulk (ec/g) 1,02 -89 «83
Density (g/ce) « 985 1.14% 1.21
M.I.T., Fold 45 49 1097
Pear (5 sheets) 15,0 13.4 11.7
Mullen (#/inn, .8qs). 34,95 5044 5645

Tensile (#/15 mm,) 14.5 15.5 20,6




TABLE VII

Physical Test Results Corrected to SO#-25"x40"=500 mu w,gm," i
Teken From Figures II, III, and IV Jam

Freeness e .8
Rulp I (77.8% vleld) 500 400 300 200 .
Breaking Length (meters) AOM * 4160 ~ 4280 =~ 4360
Burst (#/in. sq.) 4.2 16,2 18,2 20,2
Tear (g/sheet) 26,5 28k U PME | 280

Pulp IV (85,1% Yield) , B eanc
Bresking length (meters) 880 1240 1720 2010

Burst (#/1n. sq,) 1,2 WS R
Tear (g/sheet) 1507 . I1%Y AeE iy o
m ¥ (5“'t°$ Yield) : : :
Breaking uné;t.h (meterg) w= 4620 5000 . 5520
Burst (#/in, s8q.) o 21435-"4 ,;532405 %7
Tear (g/sheet) - 39,0 . 35;6 A
NSSC Pulp (70% vield) G
Breaking lenght (meters) == 6780 7750  BBAQ
Burst (#/ins 8q.) - 48,4 56,2 58,7
Tear (g/sheet) - ARG ANE. 30,8
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