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Why PGW?

The to ta l world capacity today fo r mechanical pulps is about 

30 m illio n  tons per year. About two th irds of th is  amount is  

s t i l l  made with stone grind .rs but groundwood has c le a rly  lo s t 

space to re fin e r pulps during the 70's. T rad itio na lly  the 

price re la tio n  between mechanical and chemical pulps has 

caused a need to reduce the share of chemical pulp in  the 

paper fu rn ish. TMP has created re la t iv e ly  good p o ss ib ilit ie s  

fo r th is  because of its  better strength properties over stone 

groundwood, even i f  in some cases the use of TMP might have 

been lim ited  in d iffe ren t paper and board furnishes due to the 

lower qua lity  of its  p r in ta b il i t y  and optical properties.

The o il c r is is  we faced in 1973, and the continuously r is in g  

energy prices and especially in th is  regard the price of in

dustria l e le c tr ic ity  have, however, narrowed the edge which 

TMP had over stone groundwood because of its  strength proper

tie s .

Much work has been done in order to reduce the power consump

tion of TMP, but i t  seems that the e le c tr ic  energy consumption 

of the TMP process cannot be decreased but s lig h t ly .

When, however, every e ffo rt has been made to bring down or 

maintain the present paper making costs therr ye t remains a 

second a lte rn a tive : the qua lity  of stone groundwood should be 

so improved tha t its  share in the fina l paper can be increased 

and the amount of chemical pulp can be reduced.

Construction of a PGW Grinder

With th is  as s ta rting  point we began to make t r ia ls  in 1977 

w ith pressurized grinding and as a resu lt a new PGW grinder 

was designed.

The cross section of th is  grinder is  shown in Figure No. 1.



Fig. 1 Tampella PGW grinder

One of the s ta rting  points for the design was that the grinder 

should stand pressures up to 3 bar overpressure and tempera

tures up to 140*C.

The operation p rinc ip le  of a two-pocket grinder has been main

tained and some of the parts used are identica l to those in  a 

conventional grinder.

Log batches are dropped from a gate into the pocket and logs 

are pressed against a grinding stone by a pressure show loaded 

by a hydraulic cy linde r as e a r lie r.  Shower pipes and doctoring 

plow are the same as used in conventional grinders.

From the point of grinder manufacturing, the biggest change 

was the switch from cast iron over to p late construction in  

the grinder body. A ll the stock or steam contacted parts as 

well as sealing surfaces are of stainless s tee l.

Stone submergence can be adjusted and grinding with or without 

p it  can also be made with a PGW grinder. Pulp from the grinder 

is  exhausted through outle ts at the side of the p it .

Log batches are fed into the grinder through two equalizing 

chambers which work as a pressure lock. The chamber is  sealed 

with two gates operated by water hydraulic cylinders.

When logs from the equalizing chamber are dropped in to  the 

pocket the lower gate w i l l  be closed and the pressure from the 

chamber w il l be released to the exhaust system. The upper gate 

can now be opened providing that there is a new log batch 

waiting.



1

When the next log batch is in the chamber, the upp.r gate w i l l  

be closed and the chamber w il l be pressurized. When the same 

pressure has been reached which is inside the grinder, the 

logs are ready to be taken into the pocket controlled by the 

automatic pocket charging system.

For wood feeding to the upper gate s im ila r systems can be used 

which are in operation also today.

PGW Testing F a c il it ie s

The f i r s t  new pressure grinder was taken into operation in May 

1979 at Bure. That is s lig h t ly  more than one year from the 

moment when a l l the resu lts from the early  t r ia ls  had been 

analysed.

The second machine was started up a t the end of Ju ly  same year 

a t Tampella's own Anjala paper m ill.

Both grinders are f u l l  size un its , the former using 1,2 m logs 

and the la t t e r  1,0 m logs.

The Anja la in s ta lla t io n  is set fo r research and development 

purposes, and therefore the grinder is equipped with a more 

sophisticated instrumentation than is  customary in a 

production un it, and there is also a computer.

The computer is normally used to follow a t r ia l  with calcula

ted one minute and 15 minute averages. A fte r a t r ia l ,  average 

values and deviations can be computed fo r a t r ia l  period, and 

when we have wiJer m ateria l, also co rre la tion  and regression 

analyses as well as parametric va ria tions can be prepared. A 

CRT-terminal, p r in te r and p lo tte r are used for reporting and 

print-outs.

A dd itio na lly , laboratory resu lts are fed to and printed out 

from the computer.

Another purpose of the computer is that at a la te r stage i t  

w i l l  be used to control the pressure grinder and the PGW 

process.

We have a separate crew to operate the grinder at Anjala so 

that the research and t n . .  work which is done at daytime w i l l  

not d isturb the normal operation of the m ill.  There is also a 

separate wet laboratory, so samples can be taken in ample 

amounts and resu lts rap id ly analysed.



FGW Process The actual pressure grinding process d iffe rs  somewhat from the

conventional grinding process under atmospheric pressure.

mm out w m t e  •mTE*

Fig. 2 Tampella PGW Process

The pressure grinding process s ta rts  w ith the afore described 

grinder, from where the pulp is  led under pressure through a 

large diameter pipe down to a shredder, normally located in 

the basement. This shredder has been developed from a conven

tiona l hammer m ill type shredder used for bu ll screen rejects 

to work under pressure. Its  purpose is  to d is in te g ra te  the 

s liv e rs  and sticks coming from the grinder to avoid plugging 

risks  in the process.

The pressure re l ie f  occurs before the cyclone in the control 

valve which keeps the level constant in the pipeline before 

the shredder. The flash steam escaping from the hot pulp w il l 

be separated in the cyclone.

A fte r th is , the pulp under atmospheric pressure is led to 

thickening where outgoing consistency w il l reach 10...15 %. 
Thus most of the hot water can be recovered and c i r c u i t e d  
d ire c tly  back to grinder showers.

The thickener it s e lf  is of drum type but instead of vacuum i t  

works with a small overpressure outside the drum achieved by 

means of a fan.



The outgoing pulp from the thickener w il l be d iluted to a 

screening consistency w ith the m ill white water and the same 

water w i l l  also be used as the make-up water for the showers.

Operation Experiences

The pressure gr inders now in operation have proven to be r e l i 

able and they have been su rp ris ing ly easy in the ir operation.

When we started to design a new pressure grinder, we paid 

special attention to following points:

- sealing of the gates

- exhaust of pulp and s live rs  from the grinder

- log jams in the pocket

Continuos operation in the m ills  has shown that the a n t ic i

pated points have created no problems whatsoever.

The pressure control of the grinder and the pulp exhaust have 

worked as expected. In no stage have we found any plugging in 

the machinery or p ipelines. Neither have we found any gath

ering of s live rs  or sticks in the rginder p it .

Log jams have been rare and th e ir elim ination has succeeded as 

planned. Not even once has there been need tc release the 

pressure from the grinder to c lear a log jam in the pocket.

The pressurization of the grinder has been measured to consume 

20 m̂  of a ir  per pulp ton produced. I f  the compressed a ir  is 

taken from the normal m ill supply net of 6 ...7  bar, th is  w i l l  

mean energy consumption of less than 20 kWh/ton.

The stone sharpening requires that pressure be released from 

the grinder, but practice has shown that th is  takes only some 

minutes more than with a conventional grinder. We have not 

observed any noticeable difference in stone sharpening in te r

vals between pressure and atmosperic nrinding.



Heat Balance In grinding the major part of the e lec tric a l power of the

motor is  converted into heat which escapes w ith the hot pulp 

d ilu ted  with the shower water. In conventional grinding the 

heat content of the pulp is  lo s t on open grinders and chests 

as steam flashing and rad iation losses. Pressure grinding, 

however, offers a new a lte rna tive  for heat recovery in the 

form of flash steam due to a short, close c irc u la tio n .

Table No. 1 shows a theoretical ca lculation of the amount of 

e lec tr ic a l energy that can be recovered as heat energy.

CSF JOO «1
S p e c i f i c  en e rgy  1200 VWh/t AD 

P ro d u c tion  100 t/d  AD 

K o to r  loa d  5,2 MW

Shower w a ter Pu lp Pu lp Exhaust S tea a S teaa

tem pera tu re c o n s is te n cy tem peratu re steajs en e rgy e n e r jy

( ° c )  ( ° f ) < * ) ( ° C ) (V e / - ) (MW) ( «

80 ( 1 7 6 ) 1 , 8 95 - -

92  ( 1 9 8 ) 1 , 8 107 0 , 8 2 1 , 8 5 3 S

96 ( 2 0 5 ) 1 , 8 i l l 1 , 2 4 2 , 8 0 54

9 6  ( 2 0 5 ) 2 , 5 117 1 . 3 8 3 , 1 2 60

Table No. 1

For example, when producing Finnish news grade pulp, over 50 % 
of the energy consumed can be recovered when the shower water 

temperature is  96*C and the p it  consistency 1,8 %.

PGW Results The grinder pressurization and high shower water temperature

c le a rly  increase the long fib e r content of the pulp (Fig. 3).

Consequently, pulp strengths are improved and, fo r example, 

the in i t ia l  wet strength (Fig. 4) is  increased 40...50 %.

Tear strength (Fig. 5) w i l l  be improved 40...60 % and tens ile  

strength (Fig. 6) 10...30 % when going from conventional 

groundwood to pressure groundwood.

I t  is very in te resting  and also in greatest degree of economi

cal importance to notice that the improved strength character

is t ic s  of PGW are not reached with the cost of higher power 

consumption. Test resu lts  (Fig. 7) show that no difference 

between atmospheric groundwood and PGW can be d is tr ic ted  and 

the big gap of 50... 100 % to disc re fin ing  remains.



One of the big advantages of groundwood has always been the 

good optical properties in the paper sheet and PGW ran keep, 

fo r example, the high l ig h t  scattering (F ig. 8).

Pulp brightness (Fig. 9) w i l l  s lig h t ly  drop with ris ing  pulp 

temperature as expected. However, i f  brightness would be a 

c r it ic a l factor, f t  can be favourably affected by selecting 

proper process conditions.

In the connection og TMP we are used to think that high long 

fibe r content would automatically mean poor surface smooth

ness. This is  not the case with PGW. In spite of more long 

fibe rs PGW can s t i l l  improve the smoothness of groundwood 

(Fig. 1C).

The explanation must be in the better f ib r i l la t io n  of PGW and 

th is  face has also been confirmed by photomicroscopy. Better 

f ib r i l la t io n  should also reduce the tendency, fo r example, 

fo r lin t in g .
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D iffe ren t Wood Species

Major part of the Anja la t r ia ls  is done with Finnish spruce 

but we have also made some t r ia ls  with wood sent by custom

ers.Table No. 2 shows some pine species in comparison to 

Anja la's normal spruce groundwood.

SOW 1 lo t  1 PGW 2 SGW 2 PGW 3
CSF Ml 100 101 8 6 96 98
«• 38 * 22 35 33 36 48

oon* * no 32 37 30 22

-  200 * 38 53 30 34 30
Wet itren fth V/.x 60 71 78 115
Wet atretch * H,a *.3 4,6
stretch % 2,2 2 ,0 2,3 2,8
Tensile index 5lm/e 25 ?3.9 25,1 2.>,8 30,4
l u r  index nS»"/ ( 3.5 3,9 * .< * 1 , 1 5,4
Uur*t. index kP*m2/c 1 , 0 1,2 1,12 1 . 0 1.4
Li “tit » c J t t erin£ « !A c e.9 63,6 66,7 62,7 60,9
lla i.i ty k j/ »‘ 3?0 337 331 329 3 1 0

liri "h cncii * 62 62,6 59.3 64,6 60

WOOD set 1 Spruce fro » Anjala
FCW 1 Flnnlab pine
PC* 2 Genian pine
SOW 2 Fail eta plna
PGW 5 Badlata plna

TtSTING Scan at •C*•na T a b le  N o . 2

Some pine species compared to An ja la 's spruce groundwood



-  B -

Finnish pine is  not normally used for grinding, at least not 

more than small amounts blended to spruce logs. The reason fo r 

th is  has simply been the fact that pine gives considerably 

lower strength properties.

However, the second column in th is  table shows that pressure 

groundwood c lea rly  improves tha properties of pine and tea r 

strength is  even be tte r than with spruce groundwood.

The afore mentioned also applies to German pine in  ‘.hird 

column.

We have also bad some Radiata pine and table gives the resu lts  

when the grinder at Anjala has been run without and w ith pres

sure. Finnish spruce groundwood is  normally considered very 

good pulp fo r paper making but according to test resu lts , 

Radiata groundwood has c le a rly  be tte r tear strength.

Table No. 3 contains some results gathered from Southern 

Pine.

S G W 1 S G W 2 3 G W 3 P G W T I J P

C l f TO* 4 » m 4 0 n
r I S % I t 11 .» » 4 0 .4
r 200 % 40 4 1 .0 S M *4 ,1
-2 0 0 % 14 4 4 .a J U S A I >0.1
W»t M ringM M/m 4 0 41 ,8 « a 4 4 .4 10 4 ,4
Wat «trote*) * * 4 ,1 S.1 M 4,1 4 .4
It r r t c h % U 1.8 u 1 .4 I J i

Nm/g 28 14,4 n * ao.4 11.4
M u m H m l/ f 1> 1.1 V » M M

•wr«1 M « i IjO 0 .4 2 * * 0 .4 4 0 4 4
L lfh t  t c i l lw l« t | m* A f • • 4 4 ,7 M .7 0 4 ,4 44 .2

t f / m l a ro 14 0 M « a a r 311
I r l y M u i i % s a K * 44 ,1
Ia n * J/m * i r ò 143 171 144 102

wooo

Tf STING

SOW  1 Se#wc« at AnJ«l«

SOW  S towtfMra p it *  Im USA
1GW )  S rv*N w « p tr+  at Aa|*U

PQW toulhtm p at
TmP SeulNwrm pin* M Vj SA
Sc»« at AnJ«J«

Table Ho. 3

D iffe ren t Southern Pine pulps



As known Southern or Lob lo lly pine make rather poor.-groundwood 

but pressurized grinding seems to improve its  properties 

considerably and according to the t r ia ls ,  i t  is possible to 

reach the same strength as with Finnish spruce.

Paper Machine T r ia ls

The good strength end optical properties of the pulp are, of 

course, as such interesting and give an indication as to What 

q ua lity  of fin a l paper can be obtained w ith the pulp. However, 

the qua lity  and potential of a pulp w i l l  be f in a lly  determined 

on a paper machine in production circumstances.

For example, we have delivered 90 tons of pine pressure 

groundwood to a paper maker in Finland. The t r ia l  lasted 5 hrs 

and i t  started when the machine was running 880 m/min and 

making 48,8 g/m  ̂ newsprint paper. The normal spruce groundwood 

was changed to pine pressure groundwood and broke dosage was 

stopped.

During the t r ia l  the basis weight was lowered to 45 g/m  ̂ and 

the chemical pulp content was reduced from the o rig ina l 20 % 
to 16...17 %.

The purpose of the t r i la  was to study the s u ita b il i t y  of 

Finnish pine for paper making. Table No. 4 proves that high 

q ua lity  paper can be made with pine and add itiona lly  the 

chemical content can be reduced.

SCANDINAVIAN NEWSFHINT
08,8 s/a2 05 g/m2

PC* Trial Standard FSW Tria l Standard

Bulk c* 5/ b 1.55 1 ,5. . . 1,6 1,60 1 . 5. - . 1,6
Tear mi<B / g 5,05 0,0 0,63 0,6
Tensile Nm/g 55,6 30...35 35,1 30...35
Smoothness t* ml/mln 75 85...105 95 85...10 5

** ml/mln 88 95.-.115 100 95...115
Porosity ml/mln 375 ooo. ..500 395 000...500
l i t e r  »bs. ta a 3,6 5...10 3,8 5 ...10

va s 3.0 5 ...10 3,5 5 ...10
Oil sbi. ta r/»2 21,0 18...22 17,8 18...22

va k/«2 23,3 22...26 22.3 22...26
Opacity % 92,9 93. . . 9“ 92,0 92...93
Luminance ta % 66,8 60...65 67,3 60...65

va 66,7 63. . .  60 67,o 63. . . 60

100D PC* Finnish pins

Standard Finnish spruce
T a b le  No, 4

TfSTlNG

Results of a pine PGW t r ia l

1
«
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Economies

Here again we can note that even i f  pressure groundwood con

ta ins more long fibers and gives somewhat bu lk ie r sheet, paper 

is , however, somewhat less porous and has better smoothness 

than reference paper containing normal groundwood.

The p rin ting  of the t r ia l  paper was done normally without d if 

f ic u lt ie s  in 4 d iffe ren t o ffset p rin ting  houses.

As PGW has now entered the f ie ld  of competition i t  is  ce rta in

ly  in te res ting  to compare PGW to SGW and TMP in  manufacturing 

costs.

I t  is  f u l ly  understood that each pa rticu la r m ill case shall be 

studied and calculated on the basis of its  own specific con

d itions .

Nevertheless, to get a general idea, models of new mechanical 

pulping plants fo r newsprint are compared. The assumed m ill 

capacity is  160000 tons/year. The location is  in the Nordic 

countries and raw material is  spruce.

The summary of the calculations corresponding to the s itua tion  

in mid 1980 is  shown in  Table No. 5

Table No, 5 PC1V O f TMP

M e c h a n i c a l  p u l p in g US J / t US J / t US J / t

E n e r g y  c o n s u m p t io n  M f l i/ t o n 14S0 1 4 0 0 2 2 6 5

E n e r g y  c o s t  S 4 0  US J / H 'h S8 56 90

E n e r g y  r e c o v e r y ,  t o n  s t e a m / to n  p u lp 1 .0 - 2 . 3

E n e r g y  r e c o v e r y . i  5 US $ / t o n  s te a m - s - -  11

W ood c o s t  US J / t o n  p j l p 1 00 100 100

O p e r a t i o n  c o s t s  US J / t o n  p u lp « 51 S3

C a p i t a l  c o s t s  (1 8  \  a n n u i t y )  US J / to n 24 20 21

T o t a l  US J / t o n  p u lp 228 227 253

P a p e r  b l e n d

S h a r e  o f  c h e m ic a l  p u lp  1 lu 18 7
O ie m .p u lp  c o s t  8 5 3 0  US J / to n S3 95 37

M e c h a n i c a l  p u lp  c o s t

PO > 0 . 9  x  228 205

CW 0 .8 2  x  227 186
T>tP 0 . 9 3  x  2S3 235

T o t a l  US $ / t o n  p a p e r j 258 281 272

Comparison of economy of PGW, SGW and TMP in  newsprint paper

PGW gives c lea rly  the cheapest paper furnish and groundwood 

paper is most expensive with assumed chemical pulp contents.
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Unfortunately the re la t iv e  price of e le c tr ic ity  is expected 

only to rise in the fu tu re. I f  we assume an increase of 30 % 

fo r power, Fig. No. 11 shows the change in furnish costs.

Fig. No. 11

Total paper furnish costs w ith increased energy prices

The figure confirms tha t PGW stays very competitive indeed but 

the difference between groundwood and TMP w i l l  diminish w ith 

increased energy prices.

References Pressure groundwood has re a lly  expanded very rap id ly  and today

following m ills  have ordered PGW in s ta lla tio n s :

Company No. of 

grinders

Capacity

TPD

Grade

MoDoCell Bure 1 50 Market pulp

Tampella Anjala 1 50 P ilo t p lant

Myllykoski 2 100 SC-magazine

Holtzmann Maxau 6 320 Newsprint

Kaukas 2 150 LWC

Madison 4 280 SC-magazine

Kajaanl 4 360 Newsprint

Tampella Anjala 10 1100 Newsprint

Tampella Anjala 2 230 Folding box board

To ta lly  the grinders lis te d  here represent a yea rly  production 

of almost 1 m illio n  tons.



Summary
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The f i r s t  three plants mentioned are already in operation. 

Anjala and Bure grinders were started-up in summer 1979. 

Myllykoski was the f i r s t  real commercial in s ta lla tio n  and i t  

has been in operation since end of June 1980.

As a summary we can say that Pressure Groundwood gives to ta lly  

new p o ss ib ilit ie s  fo r paper making. PGW has good optical and 

p rin ting  properties of stone groundwood and i t  can thus be 

used fo r high grade p rin ting  papers.

On the other hand, its  improved pulp strength enables a reduc

tion  in  the chemical pulp content and we can use cheaper paper 

furnish and save in overall costs.

Lower power consumption in comparison to disc re fin ing  process 

means tha t PGW is less sensitive for l ik e ly  rises in the elec

t r ic i t y  price and that i t  is  better adjusted fo r the modern 

energy conscious world.

PGW seems to combine successfully the good sides of conven

tional stone groundwood and TMP.

Fu ll scale t r ia ls  on paper machines have confirmed that expec

ted chemical pulp savings can be realized and that the pro

duced paper is of high qua lity .

The units in operation have shown that the machinery works 

re lia b ly  and that the governing and con tro lling  of the process 

is not essen tia lly  more d if f ic u lt  than a normal stone ground- 

wood process.

The disc re fin ing  process was read ily  accepted and the 

in s ta lled  capacity grew rapid ly during the 70's. Now the re

sponse fo r PGW from paper makers a ll around the world and 

received orders h in t that PGW could even have a faster pace of 

expansion. The future for PGW looks very b right indeed.
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Figure 4 Initial wet strength vs. CSF
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