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·· ABSTRACT ·

Surfactants were used in the pulping of Kraft 

· �ardwood chips in an attempt to decrease cooking

time while attaining ·the same Kappa· Number. It v1as

. fotirid . that surfactants could' not:, be used to decr�ase 

cooking time, but.anthraquinone and nonlyphenol could 
. . 

b� used to increase both yield arid �ond strength. 
' 

' 

Dimethylamides and! quatranary ammonium salt.surfactants· 
. . . . . 

were found to be detrimental to the pulping of hard- . 

wood• resulting in hard uncooked chips. 
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hISTORICAL BACKGROUND 

There have been.a number 6f attempts in.recent 

�ears to obtain benefits from the use. of various sur­

factants·in differ�nt p�lping processes. Logical 

though::such attem:p��: may_ ha:ye seeme_d .. to. be, the results 

have· been less than ·conclusive •. · This raises the ques­

tion of whether wetting of surfaces, interfacial ten­

sions, and related phenomena are important· factors. 
. . . . . . 

iti the penetration and pulping action of cooking 

liquors. 

Ih'as�essing the-�sefullness of surfactints, it 

:worild be wise to first look at the structure of wood. 

·All o_f. _the differen,t c_ells comprising both the .soft-

_ woods and �ardwoods �re firmly joined togeth�r by a

·:thip common layer shared with each adjoining ·cell

knowri'as the.middle lamella. Softening or dissolving

this layer by heat and.chemicals perm'its- the cells

to be sepirated as they a�e irt the pulping of wood 

.by various processes. The flow of liquids between 

the. tracheids of soft,•,oods is through bordered pi ts, 

which are ·unthickened areas of adjacent walls spanned 

by a continuation of the.middle lamella. The pit 

·.·. ·menibrane·s have a central thickened and highly -lig­

nifi�d portion.known as the torus.-
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This is surrounded by a thinner perforated merr,brane 

with pores of a submicroscopic.si�e. Liquids may 

1hove from tracheid . .to tracheid through these pores 

unless the torus is pushed against the cell wall 

·opening. When it is, such pits are closed and the

flow of liquids thiouih the· pores of. the �it mem-
• ' I • • • 

. biane is reduced or pievented. 

In both the. softwoods and the hardwoods there 
. . 

are strips of short �orizontal cells· known as wood 

rays, _which extend ;1·n a radial direction. These cells 
. : . 

. 

act as·stor�ge depots for�food substances ·and tran�port 

food in a horizontal direction. In addition to such 

distribution and movement of liquids from fiber to 
- ' . 

' 

·{,•', . . 

fiber'through the pores in.the pit membranes, therH

is what is termed a tiansient capillary structure
. 

' 

existing in. the cel��alls when the walls are in·� 
. •(".. ," . . 

�wollen condition. Thu�, wheri the cell wali� are 

swollen by water solutions of pulping chemicals, the 
. ' . ' . 

wall� aie permeable and the cell wall capillaries 

co11stitute effective openin·gs throu5h which water 

. solutions of relatively small molecules can move.7
. 

. . . 

. . 

-:· :, So· far; the ·studies that have ·been done are in: 

·disag�ee'm�nt as to perie'tratio� i�cre�ses. due td. use'

bf stirfactints�
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While these· studies are in disagreement as to how the 

surfactan_t· works, they alL show -"that the use of, a 

wettine;-agent helps_ the pulping process. A look at 

surfactints shows that there are three basic types: 

ionic; cationic; and _non-ionic. All surfactants have 

proper�ies which-�llow them. to be used as:wettirig 
,. . . ·. 

igents� detergents, antifoams, foam �nhibitors, etc. 

To determine .which type· of. surfactant could be used 

in the pulping process, a study was done �o determine 

their stabilit�,1, that is,. the retention of their ability 

· to solubilize rosin, _after exposure to. high temperature.

(150 °C); high acidity (pH 2), �r both. The solubilizing

power of cationic compounds were not affected by high

temparature;.and thit 6r ariioic was sliehtly reduced.

Solutions of sulfurous acid at pH 2 increased the sol­

tibilizing power oi ariioniiiartd noni6nic. compounds. The
• :· ' �" t ' 

simultaneous action of_. high
s
t
' temperature and · 1ow pH _ca.used ·

the ·loss of activity of th� catio�ic agents, had no
. ' .  ·� . 

ciffect on tho activity of nonionic a�ents, and increased

activity of anionic agents.4 

The rate of reaction of wood and cooking i1q�or

�depends on the cone en tra ti.on:'.at the reaction :i.n.terface. · 
. 

. , . •, ; 
. 

•· 
.. 

•I, 
.

. ·,·. ·. •:;, • .·· • .... '.
. 

·

•··· .
.

. 
' 

The higher the. concentration·, the ·:.faster .the reaction. · · 

. The use. of· a . · su1�fac tant could in.crease this reaction by 

icting· a�� �eftihg :aeerii�·which would in effect increase 

·the .concentrat�.on at'�he wood-cooking.1iquor· interf.ace.·9



-�-��----���=========-'-'---'--------'-"'---------------------

O' The. p�,netra tion of air, .free wood by a liquid iB 

defined bj the Poiseulle equation: 

Volume 
Time 

= 

I+ 
pn • r • K .·-----

1 • V

Where K is a cons�artt� n is th� number of·capillaries, 

r is the raditis of the capillary, Pis the pressure, 

1 is the length, and vis the visco�ity. 

As. we know: one of the properties of a surfactant is 

lowering interfacial tensions, which is in a sense low� 

ering viscosity. As can be·.seen by the above equation 

a lowering of the viscosity would incrqase the volume 

of liquid penetrated into the wood. 

'.. Capillary rise is defined by the equation: 

V!here h is the height, r is the radius, o- .is the surface 

tension, tis the time and.vis the viscosity. 

As can be seen, the lowering of the surface tension 

would ieduce the amount of capillary rise. However, 

hardwood penetration is mainly through pit membranes 

which behave according to the Poiseulle equation.7

· .<With this knm'lledge o:f_:hovi surfactants ¢an. work
..· .in the ·pulping proceps;: it is stlll uncertain hm•t ·. they

really do. _work.··

h² = r      o-        t/2v• • 
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Work ·.done on the: semi�chemical :soda pulping of straw 

shows that while. the use of. sur'fac tan t did not improve 

:impregn�tion, it did: work as di�persing agent on un­

desir��l� components, mainiy lignin. It also worked 

to increase yield.3% and decrease Kappa Number by 
... ·,,:.::. 

.
.·6 ·• . . . ,.,.; . : . .  ;• .. :··.: . . 

· 4 units.

Further studies support this theory, that sur­

·fac t�nts play a role during the pulping pr_ocess, bu, t

not during impregna_tion. .These studies shov1 that .the
. 

··role of surfactants :i.s one .of solubilizin� the ligno"". 

sulfonates. The mechanism of this action appears to

be peptization of co.lloidal particles. An additional

beneficial action of these agents is.the breaking of···

adhesion bonds binding 'the extractives. to cellulose,

. alsb throtigh a peptizirig action. 5

·However, th�re have been. studie� done which do not

agr:ee with the previously mentione.d theory. Studies· 

.·concerning the impregnation of wood chips:and blocks 

with NaOH ·solution, show that the rate of impr·egna tion 
. . 

. . � . 

is influenced by fiber direction.(highest in longi-
. 

. 
. . 

tudinal .. directio� and lowest in radial di;ection) 

and is. increased .significantly· by. the presence ·of a 

· surface active a.gent. -The presence of a surfactant

'· .. , 
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almo�t dou�ies the amount of caustic.soda reacting 

�ith the wood and results in-a more uniform delig­

. · r· t· 2 ni ica ion.-

Accoi·ding · to work done by a team of Russians, 

there is exuerimental evidence.for a slower absorption 
. - . 

·• of �atet and Kr�ft whife_ i;qu6� by. heaftw6od, and for

.\hi� ieason th� addition of a �urfaritant is reco�mended. 

Black liquors from Kraft dooks of pinewood contair r

about 4% resin (based on total st?lids), .which:can be 

assumed to act as a surface active agent wheri sapon­

ified by the alkali�or �he•liquor• _facilitating the 

penetration of the liquor chemicals in th<; wo�d. 

Te�ts were carried out w�th,tall oil, saponified till 

oil,. and sulfate so�ps_ ori pinev:ood Kraft cooks. A 10% ·
. . . . 

addition of tall oil·had a detrimental effect, apparently 

because a large portion of. NaOH was.used to neutralize 
I •'' ,' . • I • • . 

the fatt'y and rosin acids •. Saponified_tall oil reduced 

the amount of undercook and increased the yield of 

scieened pulp -5%. A similar effedt was seen With the 

additiori of 5% sulfate soap. Further studiis showed 

th�t the 5% addition of soap improved the liquor pene- . 

. tra tion only . for·. the first· two hours :o;. impreg�a. tion·. 1+
·, . .  ' ··, ' . : .. ' .  ' ' . ' ,' 

. 

. w_ork .. done by mickman Labor�:tories ,vi th ·dimet.hyl­

·· a�id�s of long�chain� uhsaturited fatty.�cids in.the ·
' . . . ' ' 

. . 



-. �enetratio� c�n be improved� These compounds are all 

surfactants in the sense that the· molecules concentrate 

and orient at interfaces�· The. dimethylamides thus r:iay 

increase the amount of cookirig liqubr through the 
, .   

opeinings in the pit membranes ·by faci_li tatirig wetting 

of the wa.lls -of these·_ capillaries. by disso).ving res­

inous materials from partially or completely plugged 

. cappillaries·, and/or_ dissolving resins or other material� 

which ma;x-. hav·e cemented. the_ tori of aspirated bordered 
�its to overhan�ing cell walls. In alkaline cboting, 

. 
. . . . 

however, the liquors'swell wood more.and thereby increase· 
. ' . 

. 

the size of the transient cappillaries in the cell walli. 

The ·relative contribution of these_ capillaries tci the. 
total flow of c_ooking liquor into· wood chips thus may

be increased under such conditions. In addition to 

. potential influence cm penE:?tration, it seems !)robable 

· that the dimethylamidesmay participate in the de'.""

lig�ifi.cation process. i

One .of·these dimethylamides is a Buckman product,

Buspers� 47. · Jhe value.of Busperse 47 as a pulping aid

for addition to digesters derives fr6m its penetrating

and dispersing p�operties
! ~Jhe product has i relatively

low affinity for ih�' hydr�philic surfice of cellulose and

thus is preferentiiliy-adsor�ed at resinified or ligfi�fied

surfaces in the wood chips� -_ •
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As the cooking liquor. conta�n:i.ng Bi.lsperse 47 reacts with 
. . . 

the lignin hinding the.fibers into ·the wood struct�re, 

the Busp�r�e 47 perietrates into the w6od, di�per�es the 

erod�d, solids, and ex�ose� new surfaces for rehction with 

the cooking chemicals. The result is a fa�ter, more 

efficient softening o·f the '.lignin binding· the fibers 

.· fogether and a more. rapid opening of clogged capillary 

· pores. c6ns�quently, there is a more efficienl use of th6

heat·an� 6ook�ng chemicals, which.can enable reductions

i� cooking times, cooking tem�eratures, or the amounts of

active :cooking chemicals needed to achieve the· quality of

pulp desired. Buspe�se 47 is a nonioriic surfactant which

his· shown to be stable at high. tomperatures and low pIT.1

Another pr6duct on �he market is Triton N�100 by 

Rohm and Haas. Work done by Wirpsa and Libby on birch 

logs showed a dramatic increase of iiquor penetraticin 

int"o the wood by use of Triton N...:.100. This.penetration 

was rriost significant in the first 6 1 i · of the· _sapwood and 

heartwood.· Further stu::::ies with this wettinc ae;e11t v:as 

done vii th 3/4'' cubes of birch. The cubes. were. ploced 

ii water and an aqueous-solution of Triton N-100. -After· 

4.25'hours of .immersion the wood. was removed ahd moisture 
, .  < \ .  

coritents determined; With just witer, the cubes had a 

moisture content of h6.2%, but with .05% Triton N-100 · 

the moisture content was 76.5%.
8



DEFINITION.OF THE PROBLEM 

. . 

Pac,:J 9. 

This sttidy was done in an attempt to decr�aGe 

ciooking time in Krart·pµlping of hardwood chips, by 

·-using various surfactants, while keeping. Kappa NUmher
. 

. 

-

the same. In addition to • Kappa ·-1Tu�ber, the. ptilp fr�m .

these cooks \�{ere. tested for strength and compared to

the control cdok�



. E�{PERIMENTAL 

All cooks were_ done in a small stationary.batch 

digester with a constant liquor to wood ratio of. 

l� to l. · -The ilka�ini i:y, o't �
1

'\�e liquor· was 20% as J-Ta2o ·_

vii th:� .3/1 NaOH :to fr�;s · ratto giving a sulphidi ty of 

· 15%. The digester vms · equipped with a circ,ulation

�ump,. two electric liquor heaters and a ste�m inlet.

Unsoaked mixed hardwood chips with_ a.43%moisture con­

tent vrnre used •. The. chips consisted mainly o"r oak, 
. 

maple� and.poplar� The cooks were two hours.iong at· 

f70°c ,. with an average time of 1· 3/4.hours to reach 

this temp�rature • 

. The yield of th_e cfrioks ·were determined by• the 

w�ight of the chips co�ing out o� the digest�r� The 

cooked chips weie defibered in the laborato�y Bauer 

Single Disk refiner at 65
°
C and 3% consistency,. The 

pulp was washed and beater runs were made in a Valley 

Beater at .1-}% consistency. Kappa Number tests were 

run to determine the degree.of delignification e The 

pulp directly from the refiner was classified as _to 

. fibet length •. Handsheet!3 were ·.made on the Noble and 

. Vlood Sh��t Mold at."� ba�Lf:w�ight: 6i ·6oigr_amsime_ter2 • 
. . 

Thes� handshje�s were then tested for strength piop�. 

. er:ties.



Several �ooks were done to determine the proper­

ties of pulp p�oduced fio� a-standard Kraft cook. 

The values obtained from these 6ooks afe shown in 

T�ble 2. The average value .ot these cooks.are·shown 

in Table 3 listed as control. 
·,• 

. 

Gooks were then done with various surfactants. 

The surf�ctants used were, anthraquinone, dimethyl­

. amides, quaternary an1monium salts, and nonylphenol. *

The. surfactants. were added at varying amounts based 

on the-oven dry weight of the wood •.. The Kappa No� 

arid pulp strength were bompared to those .. o_btained · 

from the control cooks. Table 2 shows the �alues· 

obtained .from these 6ook�, with Table 3 giving_.the 

averages. 

* Product names for surfactants can be found in
Table 1 •
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RESULTS AND DISCUSSION 

The long-c�ain unsaturated fatty acid composed 

of N,N-dimethylamides ·is i non-aqueous and nonionic 

•. liquid which is stable under both acid and ·alkalihe 

·· conditions, e:ven 'under the severe conditions of high

temperatur·e and pressure.

At a- .1% addition level tests showed .that this 

dimethylamide proved.ineffective in lowering Kappa 

No.·.. It did, in fact, have no effect at all on either 

Kappa No� or the �trengt� qualities of the pulp' pro-

duced_. 

At a .5% addition l�vel the dimethylamide proved · 

to be detrimental to the �reduction of pulp. This 

coo_k resulted ·in chips with hard centers which would 

not·go through a refiner without coritinual pluggin&. 

From this information it was concluded that dimethyl­

amides would.not b� suitable for use as a pulpint aid 

to decrease cooking time. 

· : The. quaternary ammonium salt is an aqueous dis-
' ' 

' 

persion of �tearyl dimethyl benzyl ammonium chloride 

at 25% · solids, which _is·_used-· .. a� a sQf_teping e:ge·nt for 
. . . '•, . . ' 

·.textiles,· etc.

Again� as with th�··dimethylamide, it·was found 

.· that the chips coming out of·the digester had extre-

, mely hard cei1ters at an. addition level of .5% and .also 
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. at an addition level. of • 1%�. From this it was con� 

. eluded that this �utfactant woul� not be suitable tor 

reducing cooking time. 

The nonylphenol, 'which· was added at a • 1% addition 
 

level shov:ed increases in both yield and bonding strength 

. of the pulp produced.' It also-refined as-easy or easier 

than the control pulp .. · However, because this surfactant 
.. 

did not decrease the. Kappa No. also, it would not be · 

suitable for use as a means of decreasing cooking . 

time. The pulp from thi� cook also .had a tendency to 

foam.more·than the control pulp •. Another cook was·dcine 
•·, • • ; ' l .'� ; � i 1• •t .' . '• • " ' 

with this agen to see if the results could be duplicated.

As-Table 2 shows, the. results were duplicated.

_Ahthraquinone is �\:t�soluble·yellow crystalline_ 

�aterial.which has been shown to be effective �n inc­

reasing yields of Kraft pulps.·. It was found, as would 

be expected from previous �tudies, that .the anthra­

quinorie did increase yield �nd also strength propeities 

as-cari be seen by the graphs in. the appendix. Like 

·the nonylphenol, it did also increase Kappa No. and

ref�n�d v�ry easy8 However, because of the increased

Kappa number. thi_s ·.additive. does not �ppear to he. use-.

ful.- .as. a means· of decreasing;·cooking time�·
' '  ,

, . ·, . 



CONCLUSIONS 

As was stated earlier in this paper, ther are two . 

. ways in ihich. liquor �ay get intp wood chips. One way 

�s by penetration �hich increases with Aecierising 

surface·t�nsion. The.other is capillary rise, which 
' 

decreases wi�h decreasing surface tehsion. It would 

. appear from t_he Kappa No •. data obtained from this 

project, that the action of a surfactant is mored.et;.. 

rimental to capillary rise than it is helpful to pen­

etration.as far as the iemovil .of lignin is qoncerned. 

However, the�e .is evidence ihat liquor penetration 

is �ncreased bj using surface active agents. This 

·- evidence is bond strength test which were run; namely_

.fold, tensile, and mullen. From this data it can be

seen that bond strength improved with the addition of 

both anthraquinone and nonylphenol. Thi� increase in 

bond strength means that the lignin which bonds fibers 

together iri wood has be.en better attack.ed and re1:'.loved. 

This is un effect of better penetration. 

Pd.ge 14 



· TABLE I

Chemical Name 

N,N.:.dimethylamide, 

·· Product Name and Manufacturer

Busperse 1+7, 
Buclr,man Laboratories 

· NonylphenoL Triton N-100 
Rohm and.Haas 

Stearyl dimethyl benzyl 
ammonium chloride Triton.X-400 

Rohm and Haas 



COOK 
·-

c·ontrol 

Control· 

Dimethyl •. 
• 15�
- 50[. 
... ,'0 

QA s * 
· -

. �'1% .

- 501 
• /0 

Nonyl. •:" 

It .. 

Anthra�-· 

II 

1TTT1LD(OI). 
.1...-� . ·) .· 

52 

54 

55 

73 

73 

75 

63 

64 

73 

73 

KAPPA 

17 

20 

20 

38 

42 

43 

25 

25 

30 

30 

· � 9uaternary Ammonium Salts

TEAR 
·-

0 30 

75 76 

70 73· 

'73 75 

40 44 

44 48 

57 52 

53 50 

TABLE Ir

·.·. TENSILE. FOLD 
MINUTES oF· BENrING . 

60 0 ·29. 60 0 . 30 60 

57 ·. ,7 8 8- 87 --280 430 

54 8 8 9 88 . 265• 390 

56 7 .8 8 <>-7 .· {J 272 424 

Too·Hard to refine 

40 7 8 10 20 . 510 906 

40 8 10 12 17 540 1124 

51 7 8 11 60 458 773 

55 7 10 10 65 442 791 

, ·�. MULLEN --

0 •; ,l.Q_ .. :60--···- ·-·-

31 43 33 

34, 45 36 

-,,-,, 

43 35;; ;; 

20 40 38 

18 r 42 39 

27 43 42 

28 39 43 



. TABLE III 

250 Fre·eness-
CLASSIFICATION 

· % .RETAINED 
COOK ·· YIELD .KAPPA 1 2 4 

, ,

L TEAR TENSILE FOLD MULLEN· 

Control 53 19 1.0 2.5 27.5 47.5, 21.5 56 7.5 424, l 35

Dimethyl. 55 20 1.2 2.4 26.8 48.7 20.9 54 7.8 412 '.-z;5..,, 

Nonyl •. 64 25 .3 4-6 42.3 42.3 10.5 40 10. 7· 1064 37

.·Anthra •. ··· 73 30 2.0 
··,-�' . ' 

. 10 .o ,, 40.0. 38.0 10.0 56 11. 6 ·. 885 42
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