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[57] ABSTRACT 
Wood particles are fed into a substantially closed 
chamber where they are mechanically abraded in the 

, presence of water in an inert gaseous atmosphere 
under an environmental pressure of 10 to 60 psig, a 
temperature of l60°~300° F and under a power con 
sumption of 50 to 150 horsepower days per ton. 

7 Claims, 9 Drawing Figures 
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1 
MECHANICAL ABRASION OF WOOD PARTICLES 
IN THE PRESENCE OF WATER AND IN AN INERT 

GASEOUS ATMOSPHERE 

RELATED APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 77,374, ?led Oct. 1, 1970, now aban 
doned, which is a continuation-in-part of application 
Ser. No. 888,728 ?led Dec. 29, 1969 and now aban 
cloned and which, in turn, was a continuation-in-part of 
Ser. No. 704,497, ?led Dec. 14, 1967,.now abandoned 
and which was a continuation-in-part of Ser. No. 
569,351, filed Aug. 1, 1966, now abandoned and which 
was a continuation-in-part of Ser. No. 357,008, ?led on 
Mar. 25, 1964, now abandoned and which in turn, was 
a continuation-in-part of Ser. No. 159,329 ?led Dec. 
14, 1961 and now abandoned. 

BACKGROUND OF THE INVENTION 

In the manufacture of mechanical wood pulps, two 
basic procedures have heretofore been followed. In one 
case, wood logs are abraded to a pulp by pressing 
against a rotating abrasive wheel formed, for instance, 
of silicon carbide, in the presence of suf?cient moisture 
to prevent decomposition by excessive temperatures. 
In the other case, which is becoming of growing signi? 
cance in the industry, there is employed a mechanical 
re?ning treatment wherein wood logs are ?rst reduced 
to small chips which are subsequently fed between ro 
tating discs set at small clearance and provided with 
abrading surfaces of suitable design to promote the re 
?ning action desired. ' 

In this abrading process there is an input of power of 
about 75 to 130 HP. days per ton and suf?cient water 
is added to encase‘the wood particles and prevent dis 
coloration which would result from “dry” abrading. 
Thev water also seems to act as a vehicle to dissipate 
local heat and to lubricate the mass so it flows and gives 
relative unifonn treatment in the abrading or re?ning 
action. All such installations have suf?cient water 
added so that the consistency is below about 30% 
(230% water on dry basis of wood). 

In the existing systems for the production of paper 
making mechanical pulp, it is the practice to employ 
atmospheric pressure in the abrading operation. The 
feed of raw material and the recovery of the product is 
accomplished without provision for isolating the system 
or for controlling the system pressure during the abrad 
ing treatment. , 

In the Asplund process, well known in the industry 
for the manufacture of low grade pulps for employment 
in the manufacture of roofing and flooring felts the sys 
tem involves generally a presteaming of wood chips fol 
lowed by re?ning under high pressure. The products 
are not suitable for papermaking pulps because of their 
inherent low strength and other poor paper-making 
qualities. In the Asplund process, conditions are se 
lected to provide a mechanical reduction of wood into 
?bers with least possible energy input. To this end, high 
pressures of the order of 1 15-150 psig and low energy 
input'of the order of 7-12 horsepower days per ton are 
employed to attain best results. Asplund process plants 
have been in existence throughout the world for over 
twenty years. However, as previously indicated, these 
plants have not successfully produced paper grades. 
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In papermaking grades of'mechanical pulp, the most 
widespread in use is stone groundwood which is pro 
duced by abrading logs with an abrasive stone, as previ 
ously indicated. Almost the entire world production of 
newsprint, for example, is manufactured from pulp in 
which stone groundwood is the principal component. 
However, efforts have constantly been made to im 

prove the strength of paper obtained from stone 
' groundwood since it has always been necessary to in 
clude some chemical pulpswith the groundwood in 
order to achieve adequate strength for most require 
ments. Chemical pulps are much more expensive than 
mechanical pulps because they are obtained in low 
yields (40-50%) from wood and involve extensive, 
costly processing techniques; Their production causes 
pollution of the environment. Consequently, it has 
been a logical objective of research in the paper indus 
try to develop a mechanical wood pulp with suf?cient 
strength and toughness to permit its use as the only ? 
brous raw material for paper manufacture. However, 
prior to the present invention, no economically feasible 
procedure for the production of such a pulp has thus 
far been developed. A 
One step towards achieving improved strength prop 

erties has been the development of disc re?ners for 
processing wood chips into mechanical pulp. The 
equipment currently in use comprises conventional 
disc re?ners operating at atmospheric pressure with un 
restricted feed and discharge ports. Generally, the tear 
resistance (TAPPI method) of disc re?ner pulps is 
about 50% greater than that of corresponding stone 
groundwood made from the same wood species. These 
disc re?ner mechanical pulps are currently considered 
to be the strongest available for papermaking purposes. 

SUMMARY OF THE INVENTION 
The present invention seeks to_ provide a wholly me 

chanical wood pulp with suf?cient strength to render it 
quite satisfactory for the manufacture of paper of ac 
ceptable quality. 

In accordance with the invention, the lignocellulosic 
material is ?berized by mechanically abrading it in a 
closed chamber under a power input of at least 15 
horsepower days per ton in the presence of a suitable 
quantity of water. During the entire abrading step, the 
material is maintained in an inert gaseous atmosphere 
of a pressure of 10 to 80 psig, preferably 20 to 40 psig. 

In the accompanying drawing: 
FIG. 1 is an end elevation, partly in section, of. a 

_ grinder which may be employed to carry out the 
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method of the invention, 
FIG. 2, is a graph showing the dependence of tear on 

pressure at different water temperatures, 
FIG. 3 is a graph showing the dependence of burst on 

pressure at different water temperatures, 
FIGS. 4, 5, 6 and 7 are graphs showing pulp and 

paper properties versus water temperatures and free 
ness, _ 

FIG. 8 is a side elevation, partly in section, of a disc 
re?ner apparatus which may be employed to carry out 
the method of the invention, and 
FIG. 9 is a graph illustrating the signi?cance of power 

input in relation to pulp properties. . 
Referring to FIG. 1, 1 is a closed vessel enclosing 

grinding or abrasive wheel 2 mounted on a driven shaft 
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3. A magazine or feeding device 4 is adapted to feed 
the wood onto the surface of the wheel 2. Shower water 
is applied to the wood constantly .during the treatment 
by means of pipes 5. An inlet for air, steam or other gas 
under pressure is indicated at 6. Stock is discharged 
from the pit to a collecting container 7 and thence 
through a pipe 8 having a valve 8a therein. 
The grinder is operated in a pressurized atmosphere 

or environment by supplying a pressure medium 
through inlet 6. Steam, air or other inert gas, such as 
argon or nitrogen, may be employed as the pressure 
medium. 
Referring to FIG. 8, a re?ner of basically conven 

tional type is therein illustrated and comprises a rotat 

10 

4 
The abrading operation in each case is conducted in 

a pressurized environment, within the vessel 1 or casing 
20, of 10 to 80 psig. Preferably, such pressure is main 
tained at about 30 psig and within the range 20 to 40 
psig. The mechanical energy introduced to perform the 
abrading step is at least 15 hp. days/ton and may be in 
the range of 30 to 150 hp. days/ton. 
The wood chips may be subjected to a preliminary 

heating before being fed to the re?ner with beneficial 
results. Such preliminary heating is conducted at tem 
peraturesvof 50° to 100° 
The following Table 1 gives the results of operational 

tests conducted using a grinder such as illustrated in 
ing disc 10 mounted on a shaft 11, a stationary disc '12 15 FIG. 1, — 

TABLE 1 

1. Independent Grinding Conditions 
(a) Qonstgnt Conditions: 

Speci?c Grinding Pressure psi 40 
Shower Water Volume USGPM 2.4 . . . 2.7 
Wood Moisture % 28.4 
Wood Density g/cc 0.423 

Burst No. l 2. 3 4 5 6. 7 8 

(b) V r' 't'ons 
Shower Water Temperature °F 210 210 210 210 260 280 300 315 
Pressurizing Medium Atmos. Air Air Air Air Air Air Air 
System pressure psig 0 4O 60 80 20 40 60 85 

Travelling rate of wood micron/sec 567 623 903 701 645 945 1030 1050 
Speci?c Power HP day/air 
Consumption dry ton 72.2 74.6 55.5 51.5 56.6 43.4 49.9 35.8 

E3412 Properties 
Bulk cc/g 2.15 2.17 2.31 2.39 2.34 2.43 2.48 2.50 
Brightness % 0.13. 54.3 53.9 52.6 54.1 54.0 52.1 51.7 47.6 
Smoothness cc/min 84 69 117 116 158 136 159 208 
Porosity sec/50 cc. 42.4 76.9 32.0 33.0 38.4 24.3 22.8 16.2 
Freeness ml. 48 55 139 130 156 174 167 225 
Burst 15.6 23.0 20.7 23.0 15.8 19.6 19.6 20.1 
Tensile m 3450 4400 4050 4250 3350 3950 3700 3250 
Tear gcm/cm/n 31 47 59 61 50 58 62 54 
Fold — 1458 1310 1795 .141 777 801 772 
Wet Web Strength W20 g/3cm 103 198 158 197 142 169 183 186 
Initial Solid Content % 100 156 104 148 109 1 18 126 133 
Initial Wet Web g/3cm 19.2 16.3 15.3 15.8 17.0 15.3 15.5 14.7 

Ret. 14 mesh % 0.1 0.2 1.1 0.5 0.5 0.4 0.9 1.8 
Ret. 30 Mesh % 6.5 16.3 24.8 23.9 16.1 24.7 26.5 32.4 
Ret. 50 Mesh % 9.2 13.8 17.3 16.4 _ 14.4 15.3 16.0 16.0 
Rel. 100 Mesh %, 14.4 15.0 14.4 14.7 15.8 13.6 13.8 12.8 
Fines (passing 100 Mesh) % 69.8 54.7 42.4 45.5 53.2 46.0 42.8 37.0 
Rejects % 0.8 2.9 2.3 3.0 2.1 6.5 7.2 5.5 
11,0 - Sol. % 3.4 2.5 3.2 2.8 3.7 3.8 4.7 6.3 

% 96.6 97.5 96.8 97.2 96.3 96.2 95.3 93.7 Total Yield 

carried by shaft 13, mating plates 14 and 15 carried by 
the discs, a chip feeding passage 16 for delivering chips 
between the plates 14 and 15, a chip feeding device 17 
in passage 16, a chip receiving hopper-18 leading to the 
passage, and a conveyer 19 for supplying chips to the 
hopper. 

In accordance with the invention, the re?ner is fully 
enclosed in a casing 20, suitable seals as indicated at 21 
and 22 being provided to make the casing substantially 
pressure tight. 
The casing 20 and the enclosed re?ning elements are 

subjected to pressure of steam, air or other gas, through 
a connection 23 communicating with passage 16. A 
suitable quantity of water is fed into the casing with the 
chips. Stock is discharged from the casing through a 
conduit 24 provided with a valve 25. 
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The advantages of operating a grinder at the elevated 
pressures set forth is clearly shown in the table. It will 
be observed that the pulps (2) and (3), for instance, 
prepared in the pressurized atmosphere required less 
energy, had higher freeness, and were produced at a 
greater rate than the pulp (l) which was prepared 
under conventional atmospheric conditions. 
The class?cation of ?ber sizes reveals that grinding 

in the pressurized atmosphere de?ned results in fewer 
fines and a larger increase in the fraction retained on 
the 30 mesh screen. Micrographs-show that pulps (2) 
and (3) contain a predominance of long unbroken ? 
bers such as are found ‘in chemical pulps in contrast 
with the predominance of short broken ?bers in con 
ventional groundwood. As previously indicated, the 
presence of many long ?bers in pulp is desirable be 
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cause they result in paper with high resistance to tear 
mg. 
The strength properties of handsheets prepared from 

the pulps described indicate that resistance to tearing 
is much greater in handsheets produced from pulps (2) 
and (3) while other properties such as burst, breaking 
length, folding endurance and initial wet web strength, 
are at levels which are higher than or only with very low 
freeness achieved by using conventional groundwood. 

During grinding in the pressurized atmosphere de 
scribed, it isdesirable to supply the shower water at in 
creased temperatures. It has .been found‘ that this tem 
perature has relation to the properties of the resulting 
pulp and may be chosen in accordance with such prop 
erties. 
FIGS. 2 and 3 illustrate the dependence of tear and 

burst on pressure at two shower water temperatures, 
namely; 210° F. and saturation temperature for the par 
ticular pressure employed. , 
Table 11 gives the results of tests conducted at a pres 

sure of 60 psig and shower water temperatures of 160° 
F., 210° F., 260° F,'and 300° F., all other conditions, in 
cluding the wood samples, being identical. Properties 
of a conventional .groundwood are included for com~ 
parison. These results are also plotted on the curves of 
FIGS. 4 to 7. > 

The results show: 
1. The most desirable practical range of pressure is 
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6 
hence production'by’ 53%. The average production of 
a Waterous Standard hydraulic magazine grinder is 
23.8 air dry tons per day. At 160° F. the production in 
accordance with the invention is 71% greater than that 
of the grinder mentioned and at 300° F., it is 162% 
greater. 

4. The tear property increases as the shower water 
temperature is increased, although other stock proper 
ties decrease. However, the pulp quality is best evalu 
ated when compared to the pulp freeness (see FIGS. 6 
and 7). 

a. The freeness rose sharply from a minimum of 89 
C.S.F. to a maximum of 364 C.S.F. This is further re 
flected in the increase in long ?ber content (+30) and 
the decrease in fines content. 

b. Bulk increases as the temperature increases. This 
is to be expected because of the increase in long ?bers. 

c. Smoothness decreases and porosity increases as 
the temperature increases. These effects are directly 
related to freeness increase. It will be observed that 
smoothness shows a linear increase as freeness in 
creases. ' . l 

d. While burst and tensile dropped as the tempera 
ture increased, when this is related to freeness, the de~ 
crease is found to be practically linear. This implies 
that the strength drop is only that which corresponds to 
the higher freeness. It will be noted that the burst and 
tensile values'are at a very high level for all the pulps 

‘0 to 30 psig- I 30 tested and these values are 

...._ , .. and .5. .-. . . ..- ._ .. a. _._. .5 M 

EFFECT OF TEMPERATURE 0N PRESSU‘RIZED CONVENTIONAL 
GRINDING GROUNDWOOD 

Shower Temperature“ 160°F 210°F 260°F v 300°F 

C.S.F. - ml 89 132 208 364 115 
Burst - glsq.cm. 24.5 23.4 22.2 17.6 13.3 
Tensile - m 4550 4250 4200 3600 3200 
Tear - cm.g/cm. 55 66 67 72 45 
Folds (using 0.3 kg. load) 1463 865 1065 193 115 
Wet strength ~ g . 200 210 176 175 108 

Bulk - CC/g 2.24 2.37 2.45 2.69 2.56 
Brightness - % G.E. 56.4 52.7 53.1 50.3 57.5 
Smoothness - ml/sec. 97 129 156 274 152 
Porosity - Sec./50 m1 ‘ 63.3 38.8 20.2 8.6 20.8 
Wood Solubles - % on o.d. wood 1.6 2.8 3.0 3.9 — 
Screen - Rejects 1.8 3.3 3.4 5.5 0 
Classification + 14 0.3 0.7 1.6 2.9 0.4 

‘ + 30 18.9 25.8 29.7 31.7 10.8 
' + 50 16.1 16.1 18.3 17.5 23.7 

+100 17.1 14.3 13.6 12.6 10.4 
Fines 47.6 43.4 36.8 35.3 54.9 

Wood Travel micro/sec. 792 885 1105 1210 461 
Production Rate (Relative Value) 40.7 45.7 57.0 62.6 23.8 
Power Consumption ~ HPD/ADT 56.2 50.2 36.1 27.7 70.8 

‘Constant Test Conditions 
60 psig (Air) - System pressure 
40 psi - Specific grinding pressure 
2.5 USGPM - Shower water ?ow 
Spruce - Wood 
0.396 g/cc - Wood density 
33.6% — Wood moisture 

2. The power input is desirably’not substantiallyléss 
than 20 HP days/ton. A practical operating range is 15 
to 80 HP days/ton but a range of 15 to 150 HP days/ton 
may be employed. 

3. Increasing the shower water temperature from 
160° F. to 300° F. increased the rate of wood travel and 

65 

considerably. higher than those of conventional ‘ground 
_wq9s.1.at.th.q_§ame freeness. Thus, . 

Burst= maximum 24.5 , minimum 17.6 
Tensile = maximum 4450, minimum 3600. 
e. The tear value increased from 55 to 72 with the 

sharp rise at 210° F. This sharp rise becomes even more 
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significant when related to freeness. The effect of tem 
perature on tear is thus quite positive and most evident 
between 160°. to 210° F. 

1'. Fold value decreases somewhat with the tempera 
ture rise. 

g. The wet strength is high in all cases as shown by the 
properties of the conventional groundwood. The 
change with temperature is believed to be related to the 
freeness of the stock. 

h. The pulp brightness decreases as the shower tem 
perature increases. The drop was 6.1% G.E. from 
56.4% G.E. 

5. The wood soluble portion increases from 1.6% at 
160° F. to 3.9% at 300° F. and is lost from the process. 
The rejects increase from 1.8% at 160° F. to 5.5% at 
300° F. These rejects consist of bundles of long ?bers 

’ partially separated into individual ?bers and conse 
quently they could be readily recovered by a light re?n 
mg. 
Resistance to tear is particularly improved but other 

strength properties are also superior to those of con 
ventional groundwood. Because of the large in?uence 
of freeness upon all properties, it is essential to take this 
factor into account when making comparisons. 
Increasing shower water temperature generally en 

hances the effects of increased pressure and there is, 
therefore, the additional advantage that hotter shower 
water can be used at temperatures as high as corre 
spond to saturation at the pressure employed. 

In order further to demonstrate the advantages of the 
present invention, tests were conducted using a con 
ventional two stage re?ning procedure with two “Bauer 
480” re?ners (3,000 H.P. each) operating in series and 
a single stage pressurized re?ner of the type described 
herein of 3,000 H.P. Spruce and balsam chips (50/50) 
were the feed material and the power consumption in 

8 
each case was about 70 HP. days/ton. The results 
were: 

Type of Conventional Pressurized 
Operation Z-Stage Re?ning 

5 
System pressure psig 0 30 
Stock freeness 280 240 490 440 510 
Burst factor 4.2 4.4 10 12 8.8 
Tear factor 41 46 ‘ 98 84 93 
Breaking Length,km 1.19 1.9 2.4 2.5 2.3 > 

10 - 

It will be observed that the treatment in accordance 
with the invention produced a marked improvement in 
all strength properties as well as an increase in freeness. 
Normally, a higher freeness is associated with weaker 
pulp strength, but in the treatment in accordance with 
the invention, both strength and drainage characteris 
tics are substantially and unexpectedly improved. 

It has also been found that the addition of certain 
chemicals, as with the shower water, produces desir 
able results when used in conjunction with the process 
described. Useful chemicals in this regard may be gen 
erally defined as inorganic salts of sodium, calcium and 
magnesium. Examples of suitable compounds are, so 
dium bisulphite, sodium carbonate, sodium chloride, 
sodium sulphate, sodium sulphite, sodium hydrosulph 
ite, sodium tetrapyrophate, sodium hexametaphos 
phate, sodium tri-polyphosphate, sodium hydroxide, 

15 

.20 

25 

zinc hydrosulphate, calcium chloride, magnesium‘ 
chloride, and a chelating agent such as the pentaso 

30 dium salt of diethylene-triamine-pentaacetic acid. Pref 
erably, the compound added will be selected from the 
group sodium hydrosulphite, zinc hydrosulphite, so 
dium carbonate, sodium sulphite, and sodium hydrox 
ide. The results of tests conducted with the addition of 
certain of these compounds with the shower water are 
given in the following table, — 

35 
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THE EFFECT OF CHEMICAL ADDITIONS ON PRESSURIZED GROUNDWOOD 

. . V . M 

Wood Density 0.411 g/cc 
Wood Moisture 23.6 % 
Shower Water Temperature 295 F 
System Pressure V 60 p.s.i.g. 
Spec. Grinding Presure 40 p.s.i. 

— Na,SO, Na,SO, NaHSO, Na,S,0, Na,CO,l NaJ’ZO7 
% on o.d. wood — 5 12 20 9 8 - 10 
Travelling rate micron/sec. 1000 1025 911 936 1090 980 1020 
Production % (relative) 100 103 91 94 109 98 102 
Spec. Power Cons. HP/day a.d.t. 38.1 37.0 37.7 35.3 37.7 33.3 34.0 
Bulk - CC/g 2.28 2.25 2.03 2.38 2.33 1.82 2.04 
Brightness ~ % (3.13. 51.0 50.5 49.8 53.4 55.0 38.3 46.6 
Smoothness - eclmin. 121 88 56 103 114 47 53 
Porosity - sl50 c.c. 32.8 39.2 104.6 35.6 27.6 183.2 127.1 
Freeness - ml. 151 139 98 127 218 85 77 
Burst 22.1 22.5 28.3 19.3 25.5 33.5 27.3 
Tensile - m 4200 4600 5350 3850 4750 5800 5200 
Tear A gem/cm 58 59 54 60 64 54 51 
Folds - n 1183 905 4429 835 2266 2573 2637 
Wet Web W20 - g/s cm 190 183 224 250 231 255 244 
Rejects ~ % 12.1 8.6 9.1 6.3 7.3 9.9 5.9 
Ret. 14 mesh - % 0.7 1.6 0.8 1.1 2.6 0.9 0.8 
Ret. 30 mesh - % 28.4 26.8 25.8 26.8 34.9 28.2 24.5 
Rel. 50 mesh - 91: 16.0 14.6 17.2 14.9 19.5 15.0 14.4 
Ret. 100 mesh - % 14.0 13.7 11.9 13.6 17.7 13.0 13.5 
Fines (Pass. 100 mesh) - % 40.9 43.3 44.1 43.6 25.3 42.9 46.8 
grinding Variables 
Wood Density 0.418 g/cc 
Wood Moisture 35.9 % 
Shower Water Temperature 320 °F. 
System Pressure 90 p.s.i.g. 
Spec. Grinding Pressure 40 p.s.i. 

QEEMIQAL CaCl, MgCl, Na,SO,“‘ — Na,S,O, V80“ 15% Na,S,O4 + 2% V80 
% on o.d. wood 12 6 13 — 15 1.8 —— 
Travelling rate micron/sec. 910 1320 852 1410 1340 1505 1385 
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THE EFFECT OF CHEMICAL ADDITIONS ON PRESSURIZED GROUNDWOOD 

Production % (relative) _.85... .. 91 132 
Sped. Power Cons. HP/day a.d.t. 42.0 30.9 50.7 
Bulk - cc/g 2.32 2.38 2.14 
Brightness - % G.E. 45.6 47.6 52.9 
Smoothness — cc/min. 127 172 98 
Porosity - s/50 c.c. 29.4 14.6 61.2 
Freeness - ml. 167 280 119 
Burst 22.1 19.4 21.9 
Tensile - m 4000 3900 4850 
Tear - gem/cm. 63 64 ‘ 56 
Fold - n 923 370 1541 
Wet Web W20 - g/s cm. 180 171 230 
Rejects - % 4.6 5.6 1.8 
Ret. 14 mesh - % 1.7 2.6 1.2 
Ret. 30 mesh - % 29.4 31.3 26.4 
Ret. 50 mesh - % 18.0 17.4 18.6 
Ret. 100 mesh - % 12.3 13.6 15.2 
Fines (Pass. 100 mesh) - % 38.6 34.8 38.6 

100 95 107 98 
31.9 35.1 26.9 35.1 
2.42 2.28 2.68 2.52 
46.9 49.5 48.7 52.9 
180 134 241 221 
20.9 36.8 16.6 14.4 
205 151 230 300 
20.9 22.2 22.8 21.9 
3870 4230 3900 4210 
72 64 72 72 
976 375 1068 662 
176 183 132 152 
6.9 6.1 8.1 12.9 
1.4 1.2 1.4 1.3 
30.4 28.5 28.5 31.8 
10.3 9.4 9.5 11.9 
14.0 14.7 14.7 14.9 
43.9 46.2 45.9 40.1 

‘Trial performed at 180’F. shower water temperature 
"V80 means Versenex 80 (chelating agent). 

It will be observed that strength properties ar'e'im 
proved by addition of sodium sulphite, sodium hy 
drosulphite, sodium carbonate or sodium 'tetrapyro 
phosphate. Calcium chloride gives improved tear resis 
tance as well as reduced screening rejects. The use of _ 
magnesium chloride resulted in a pulp of very high 
freeness and yet strength was retained. Sodium bisul 
phite gives some improvement in wet strength and also 
reduces screening rejects. The results shown in Table 
III also demonstrate that chelating agents, such as that 
known under the trade name Versenex 80 (aqueous so 
lution of the pentasodium salt of diethylene-triamine 
pentaacetic acid) are useful for enhancing the improve-' 
ment in brightness achieved with sodium hydrosulph 
ite. 

The compounds may be added ‘either singly or in 
groups of two or more. The amount of chemical addi 
tion will depend to a large extent upon the particular 
compound employed and the particular lignocellulosic 
material used. Generally speaking, the amount of 
chemical addition will not substantially exceed 10% by 
weight of ‘the lignocelluosic material. 'If a chelating 
agent is used, either by itself or in combination with an 
other chemical addition, a very small percentage, say 
not exceeding 10%, gives beneficial results. 

Further to illustrate the improvement achieved in" - 
pulp physical characteristics, tests were carried out by 
standard TAPPI methods used in the industry and the 
pulps were manufactured speci?cally for use in news 
print furnish. The results are shown in the following Ta 
ble, - . 
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cept't'hat' rniira‘c?eing'ihe present invention the refiner 
was modi?ed by providing a suitable enclosure and 
feeding devices to permit operation under positive 
pressure in the manner heretofore described. 
The limits of spacing between the discs is between 

0.001 and 0.025 inch with a preferred spacing of about 
0.007i0.003 inch. At greater spacing the chips will 
pass through too quickly so that they are insufficiently 
abraded and the energy input to the re?ners falls off 
since there is not the work performed in abrading the 
wood to a ?ne pulp suitable for newsprint. As an ex 
treme when the disc spacing exceeds the dimension of 
the chip practically no work is performed on the wood. 
The only load on the motor is the “idling loa ” which 
in the case of the 3,000 I-I.P. unit speci?ed amounted 
to approximately 100 HP. This ratio of “idling load” 
to full “re?ning load” is substantially constant for com 
mercial re?ners. Thus, “total power consumption” as 
used in the present invention, refers to that horsepower 
actually applied to the wood chips. In performing the 
“work” in producing the paperrnaking pulp from wood 
in the re?ner over 90% of the energy is converted into 
heat. In the “Asplund” and related processes a high 
temperature of about 170° C is obtained. This is sub 
stantially above the “melting point” of the lignin which 
“?ows” and coats the ?bers which are formed so that 
further re?ning is dif?cult and that at this temperature 
pulps of low brightness result which are unsuited for 
newsprint and other papers. Because of the low energy 
consumption relatively little heat is generated. It is 
therefore necessary for Asplund to have a very low 
content of water in his process or these high tempera 

TABLE IV 

Pulp Properties Conventional Conventional Disc Refiner 
Obtained from Stone Disc Refiner of present 
Spruce/Balsam wood Groundwood Mechanical Pulp Invention 

,Frecness (Canadian 
Standard) 100-1 10 150-200 150-200 

Tear Resistance 40-45 55-70 80-95 
Burst Factor 10-14 9-15 18-25 

Breaking length, km. 3.5-4.5 2.0-3.5 4.0-5.0 
System Pressure Atmospheric Atmospheric 30 psig 

' The disc refiners'used in'carr‘yingoiffthe'methodfor 
the present invention were the same as those used in 
the conventional disc re?ning (Bauer 480 ‘Re?ners) ex 

tures waaiaiioi be‘ achieved. This 'is'ni'eiea'éairar ‘him 
providing in his process a press for squeezing out water 
from the naturally occurring water in wet chips. 
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In our process we add substantial quantities of water 
and also relieve the pressure so as to keep the tempera 
ture down. We provide no chamber to extend the re 
tention time. This lower temperature and short reten 
tion time prevent the discoloration of the ?bers and 
also permits the absorption of high quantities of energy 
in the re?ning step in order to produce a ?ne thor 
oughly de?bered strong pulp suitable for newsprint and 
some other printing papers. It will be noted that in our 
experiments we added water to minimum of 2.4 
U.S.G./min. This gave a quantity of water “suitable” to 
prevent the “burning” or loss of brightness which is a 
well recognized feature of the conventional grinding 
and also conventional re?ning process when consisten 
cies rise too high. There is no known successful installa 
tion in the world in either conventional grinding or con 
ventional re?ning to produce the groundwood type of 
?ber suitable for newsprint which does not add suf? 
cient water to prevent this discoloration which occurs 
at low moisture content and high temperature. In every 
case there is suf?cient water added to lower the consis 
tency to 33% or in most cases below. In our experi 
ments we always used enough energy in the re?ning to 
raise the temperature of the water (and thus pressure) 
to the required level when this suitable quantity of 
water was added. At these levels of energy consump 
tion and with pressures relieved to levels speci?ed the 
re?ners produced pulp suitable for newsprint manufac 
ture. 
As in conventional processes the pulp is screened 

with the screened rejects being further re?ned. The 
screenings produced however, are much less than in 
conventional processes. 
An earlier paragraph states that the only modi?ca 

tion of the conventional groundwood re?ners needed 
to practise this invention was their operation under 
pressure. There was about the same amount of water 
added as is required in operating conventional unpres 
surized re?ners which produce paper grade mechanical 
pulp. The consistency of the conventional re?ner pulp 
is in the range from 33% down to possibly 3% when 
producing acceptable pulp. The present invention uti 
lizes the same range of consistencies. To achieve these 
consistencies, the water added together with the inher 
ent moisture of the wood pulps will be from 
200%—3,200% of the weight of the dry wood particles. 

Table I shows that when operating the small pilot unit 
under pressure a minimum of 2.4 U.S.G.P.M. of water 
was added to the abrading system. This was sufficient 
to guarantee the wood and ?ber always had “free” 
water to encase the ?ber and prevent discoloration or 
“burning” of the ?bers by overheating. The data in 
Table I (and FIG. 4) show that under conditions of the 
invention the brightness was maintained over 50 G.E. 
and when conditions were outside our speci?ed range 
(85 lbs/sq. in and 315° F.) the brightness was unsatis 
factory. In this case the high pressure prevented cool 
ing of the mass by ?ashing to steam. 
A further test was conducted using the large com 

mercial re?ners described above (3,000 H.P.). In this 
case the re?ning was performed on two re?ners in se 
ries using the same total horsepower per ton range as 
previously. The chips and water were both fed at prede 
termined rates Data was as follows: 
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H.P. on pressurized re?ner 2800 H.P. 
H.P. on second re?ner 2600 H.P. 
Feed Rate of woods chips (dry) 55 tlday 
Water added to chips fed to pressurized 
re?ner l8 U.S.G.P.M. 
Moisture in Wood Chips 45-55% 
Calculated water to dry wood chip ratio 2.95:1 
or consistency of 25% 

A number of trial runs were made producing about 
'3065GB"ézfe???rg'bréssuriiéa ' re?ne'r'l'riiechar'iical 
pulp was run without addition of chemical pulp on a 
238 inches wide paper machine running in excess of 
2,000 ft. per min. with an open draw. The newsprint 
produced was printed in a commercial newspaper 
pressroom. The newsprint was evaluated by both the 
letterpress and offset printing processes. It was satisfac 
tory. 
Tests on the pulp used in the newsprint trials were 

compared with a conventional furnish to the machine 
which was made up of a mixture of 72% conventional 
groundwood and 28% sulphite pulp of 47% yield 

Conventional Disc Re?ner Pulp of 
Furnish Present Invention 

(no chemical pulp) 

Freeness CS. 222 I80 
Tear 64 81 ‘ 

Breaking Length 4.2 3.9 
Bulk 2.27 2.45 
Opacity 93.3 97.1 
Brightness (Elrepho) 61.3 59.6 

The high tear was carried over into the ?nished news 
print. This is the most important physical test in deter 
mining runnability. Most of the increased opacity also 
was retained in the ?nished newsprint. These two fa 
vorable features will no doubt be employed to make a 
lighter weight newsprint sheet feasible with attendant 
ecological bene?ts in addition to those obtained from 
eliminating the use of chemical pulp. 
The results shown in Table IV indicate a signi?cant 

improvement in strength properties and particularly a 
marked increase in tear resistance which is of much im 
portance in most paperrnaking and converting opera 
tions. Furthermore, these improvements were obtained 
at high freeness values which is an added advantage 
from the point of view of enhancing drainage on the 
paper machine with consequent better performance. 
The signi?cant effect of power input on properties is 

illustrated in FIG. 9, which shows the results of tests 
conducted on pulps produced in disc re?ning equip 
ment in accordance with the invention. 
These results demonstrate two signi?cant features: 
Firstly, a remarkable improvement in pulp strength, 

and particularly in tear resistance, is achieved over the 
entire range of power input. The strength properties 
not only approach those of chemical pulps but are su 
perior in some cases. Thus, they represent a signi?cant 
advance in the technology of manufacture of mechani 
cal pulps. 
Secondly, useful pulps were obtained over the entire 

range of power inputs, although for different purposes. 
The coarser pulps produced at low energy input were 
of a type very suitable for the manufacture of paper 
board of excellent strength. The intermediate pulps 
were especially suited for newsprint while those pro 
duced with high energy were of a kind suited for ?ner 
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groundwood grades such as newsprint for rotogravure 
printingfln all cases, strength properties appear to sur 
pass those of any mechanical pulps currently known in 
the ?eld. ' 

As previously indicated, a preferable positive pres 
sure under which the disc re?ning operation of the 
present invention is carried out is about 30 psig. It ap 
pears that the bene?cial effect arises from the higher 
temperatures attainable under pressure but it is not 
clear precisely what the reasons are. The exact pressure 
may, of course, be varied within the limits of the inven 
tion as indicated in Table V, which illustrates the re 
sults of tests conducted in accordance with the disc re 
?ner treatment of the present invention. 

TABLE V 

Pulp Strength Data With Disc Re?ning 
Under Positive Pressure 

System pressure, psig I6 30 50 
Power input, hp days/ton 60 60 60 
Pulp Properties 1 
Freeness Canadian Standard 410 566 650 

Tear Factor 90 I38‘ 105 
Burst Factor I l 1 l 6 
Breaking Length, km 2.8 3.4 1.9 

These results show that a system pressure of 30 psig 
gave the best pulp strength and that at 15 psig'and 50 
psig there was some deterioration of'quality. However, 
all results are superior to conventional pulps so that the 
entire pressure range may be considered useful.‘ ' 

_ As previously indicated, the optimum conditions for 
practice of the well 'known Asplund system are a pres 
sure of above 100 psig and a power input of 7-12 hp 
days/ton. It has been found that these conditions are 
quite unsuitable for producing papermaking pulps be 
cause of inadequate pulp strength and severe discolor 
ation of the product. The results herein set forth dem 
onstrate that, for the production of papermaking pulps, 
it is necessary to provide sufficient energy (at least 15’ 
hp days/ton) under a pressure of 10 to 80 psig for de 
veloping adequate pulp strength. 
What is claimed is: ' v 
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1. A method of producing a papermaking wood pulp 

which comprises feeding a body of wood particles and 
a substantial quantity of water to wood-abrading equip 
ment in an amount suf?cient to provide enough free 
water to encase the ?bers in the pulp and prevent dis 
coloration of the ?bers by overheating said substantial 
quantity of water being separate from the moisture nat 
urally present in the wood particles so that it together 
with the moisture in the particles amounts to at least 
200 percent of the weight of the dry wood particles, 
mechanically abrading said wood particles in said 
equipment to produce a ?nal product consisting of pa 
permaking wood pulp, conducting said abrasion pro 
cess resulting in said ?nal product under a total power 
consumption of 50 to 150 horsepower days per ton of 
said ?nal product, and including the steps of subjectingv 
said wood particles during said abrasion process in said 
equipment to an environmental pressure of 10 to 60 
psig and a temperature of 160°—300° F. in an inert gase 
ous atmosphere. 

2. A method as set forth in claim 1 wherein the total 
amount of water is less than 3,200% of the weight of 
the dry wood particles. 

3. A method of producing a papermaking wood pulp 
as de?ned in claim 1, wherein said pressure is about 30 
psig. 

4. A method of producing a papermaking wood pulp 
as de?ned in claim 1, wherein said mechanical abrad 
ing process comprises a disc re?ning treatment. 

5. A method of producing a papermaking wood pulp 
as de?ned in claim 1 but with the feeding of oxidation 
prevention reducing chemicals such as hydrosulphite, 
sodium sulphite and the like together with said substan 
tial quantity of water. ' 

6. A method as set forth in claim 1 wherein the total 
amount of water exceeds 300% of the weight of the dry 
wood particles. 

7. A method as set forth in claim 1 further comprising 
pretreating said wood particles by heating to tempera 
tures of 50° C. to 100° C. prior to said mechanical 
abrading. 

* * * * * 


