
Explosion pulping 
ideal for recycling paper 
'We can make paper pu lp from virtually everything 
k n o w n to botany', says D r He ikk i M a m e r s , talking of 
the exp los ion-pu lp ing t echn ique he has deve loped at. 
the CSIRO D i v i s i o n of C h e m i c a l T e c h n o l o g y . 

Experiments with explosion pulping were 
done on this rig. 

After the explosion, out comes the pulp. 

Bagasse before and after explosion 
pulping. 

Bagasse , whea t s t raw, kenaf bark, r ice 
s ta lks , as well as conven t iona l wood ch ips 
— they all yield their fibre con ten t , u n d e r 
the force of an explosive d ischarge , to pro-
vide a pu lp su i tab le for paper -making . 
T h e process shat ters pa renchyma cel ls , 
w h i c h normal ly m a k e paper -making from 
pi thy p lants a slow process . 

M o r e impor tan t at th i s t ime , t h inks D r 
M a m e r s , is t he abil i ty of the process to 
p u l p mater ia ls u n k n o w n to botany: m i l k 
ca r tons , fruit ju ice ca r tons , c e m e n t bags , 
and o the r h i g h - w e t - s t r e n g t h ma te r i a l s 
that often i nc lude i n their s t ruc ture p las ­
t ic , foil, wax , or b i t u m e n layers. T h e s e are 
t h e m a t e r i a l s c o n v e n t i o n a l p a p e r -
recyc l ing p l a n t s often reject as too hard to 
r e c l a i m . Yet s u c h re jec t s c o n t a i n t h e 
Ro l l s Royce of paper p u l p s — the l o n g , 
h i g h - s t r e n g t h fibres tha t impar t r es i s ­
tance to tear ing. 

Fibres are wrenched apart at 
a speed approaching that of 
sound. 

Accord ing to D r M a m e r s , exp los ion 
p u l p i n g therefore looks l ike an answer to 
the paper-recycler 's p rob lems . I n the pro­
cess , a batch of the mater ia l to be pu lped is 
loaded into a vessel , a long wi th water or a 
chemica l l iquor, and placed under h i g h 
p r e s s u r e (7 m e g a p a s c a l s , or 70 a t m o s ­
pheres) . T h e p ressure causes l iquid t o 
pene t ra te rapidly i n to the fibre s t ruc tu re , 
l eading to a w e a k e n i n g of interfibre bonds 
(the process is s o m e t i m e s accelerated by 
s t eam hea t ing) . I n a final coup de grace, 
t he weakened mater ia l is explosively d is ­
c h a r g e d t h r o u g h a spec ia l ly d e s i g n e d 
nozzle in to a co l l ec t ing vessel . F ib res are 
wrenched apart at a speed approach ing 
tha t of sound . 

In this way, a ba tch of waste paper can 
be pu lped i n only a few m i n u t e s , com­
pared w i t h m o r e t h a n an h o u r for conven-

End-on view of the special nozzle used 
in explosion pulping. The pressurized 
feed-stock cannot shoot straight through, 
but must weave its way around a set of 
bars. 

t iona l t echn iques . Ano the r advantage is 
that 'contraries" — adhes ive tape, s t r ing, 
foil, p last ics , g lass , and other rubb i sh — 
s u r v i v e t h e p r o c e s s r e l a t i ve ly i n t a c t , 
m a k i n g their s u b s e q u e n t separa t ion fairly 

e recycling industry 

S o m e 8 4 % of the wor ld ' s total paper and 
cardboard c o n s u m p t i o n is theoret ical ly 
avai lable for re-use . T h e res t is pe rma­
nen t ly conserved (books), con tamina ted 
b e y o n d s a l v a t i o n (food w r a p p i n g ) , or 
totally destroyed (bank notes) . I n A u s ­
tral ia, we recycle close to one-third of our 
paper (about hal f a mi l l i on tonnes) . 

T h e w o r k h o r s e of t h e A u s t r a l i a n 
was t e -pape r r e c y c l i n g i n d u s t r y is t h e 
open- tub res lusher , a device r emin i s cen t 
of a large wash ing m a c h i n e . T h e r e are six 
of these un i t s spread a round the country . 

Recycled paper a n d cardboard are fed 
in to the bowl of the res lusher a n d suffi­
c ien t water and chemica l s added to give a 
soup of 3 - 5 % pu lp . C o n s t a n t agi ta t ion, 
and somet imes hea t i ng , gradual ly liber­
ates the fibres f rom the feed mater ia l . T h i s 
may take an h o u r or longer . 

'Cont ra r ies ' are removed in a n u m b e r of 
ways . M a t c h s t i c k s , foam p las t i cs , a n d 
other l ight cont rar ies float to the top and 
are s k i m m e d off. Heavy ones — meta l s , 
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 and after explosion a te r ia
that  or longer. 



glass , and rocks — s ink to t he b o t t o m and. 
in to a special c o m p a r t m e n t . Mate r ia l s of 
subs tan t ia l ly neu t r a l buoyancy s u c h as 
shee t plas t ic , ropes , s t r ing , and rags — are 
encouraged to wrap a r o u n d a l e n g t h of 
barbed wire tha t is gradual ly w i t h d r a w n 
from the bowl . 

T h i s leaves t he mate r ia l s tha t are par­
t icular ly difficult to deal wi th . T h e l is t 
i n c l u d e s a d h e s i v e t a p e s , h i g h - w e t -
s t r e n g t h pape r s , w a x e d c a r t o n s , pape r 
l amina ted wi th t h i n layers of p las t ic , a n d 
a n y m a t e r i a l c o n t a i n i n g b i t u m e n , a s 
e i the r a n adhes ive or a wa te rp roof ing 
agent . 

W h e n be ing pu lped ; h igh -we t - s t r eng th 
p a p e r s a n d l a m i n a t e s d o n ' t d i s p e r s e 
eas i ly , a n d t h e y f r equen t ly r e m a i n as 
smal l flakes i n t he p u l p suspens ion . T h e 
flakes m u s t e i ther be filtered ou t (a dif­
ficult process) or subsequen t ly t reated to 
break t h e m d o w n . 

S imi la r p rob l ems are posed by adhes ive 
tapes and waxed ca r tons , w i t h t he added 
c o m p l i c a t i o n t h a t g u m s , w a x e s , a n d 
b i t u m e n a lso get i n t o the mix , appea r ing 
as imperfec t ions i n t he final paper . As 
l i t t le as 1 kg of b i t u m e n in a 200- tonne 
ba tch of recycled paper can r ender t he lot 
u n s u i t a b l e for p r in ted packag ing . 

A final cons ide ra t ion is tha t r e s lushe r s 
genera te large v o l u m e s of d i lu te l iqu id 
effluent. 

Explosive answer 
I n t h i s s i t u a t i o n , e x p l o s i o n p u l p i n g 
c o m e s i n t o its own . P i lo t -p lan t t r ia ls w i t h 
' synthet ic garbage ' have s h o w n tha t t he 
process quickly loosens t he fibres of nor ­
m a l waste paper , b u t leaves t he major i ty of 
the u n w a n t e d c o m p o n e n t s relat ively in ­
tact. H i g h pressure rapidly conver ts paper 
to a soft m a s s , b u t wa te rproof p a p e r s , 
tapes , and the l ike re ta in m u c h of the i r 
s t ruc tura l integri ty . N o t only are adhes ive 
tapes u n d a m a g e d by the explos ion, b u t 
t he adhesive even r e m a i n s a t tached to t he 
tape. Po lye thy lene bags , co t ton rags , a n d 
s t r ing also r e m a i n u n d a m a g e d ; b i t u m e n -
impregna ted paper i s frayed s o m e w h a t a t 
t h e edges , b u t o t h e r w i s e i n t ac t ; po ly­
s tyrene foam a n d br i t t le p las t ics suffer 
m i n i m a l d a m a g e . 

According to Dr Mamers, 
explosion pulping looks like 
the answer to the 
paper-recycler's problems. 

T h e process requ i res l i t t le water , and 
h e n c e effluent p r o b l e m s are min imized . 

D r M a m e r s sugges t s t ha t e x p l o s i o n 
p u l p i n g w o u l d b e i d e a l for u s e i n 
garbage- rec lamat ion p lan t s . H e r e , me ta l , 
g lass , and other heavy sol ids wou ld be 
r e m o v e d f i rs t , l e a v i n g a w a s t e - p a p e r 
s t r eam laden w i t h plas t ic and o ther l igh t 
m a t e r i a l s . T h i s s t r e a m c o u l d t h e n b e 
explos ion pulped. 

T h e idea of exp los ion p u l p i n g is no t 
new. Fo r m a n y years M a s o n i t e b u i l d i n g 

b i t u m e n and waxes to d isperse d u r i n g t h e 
explosive re lease . 

However , if wel l -sor ted feed-stock is 
avai lable, hea t is a dec ided advantage for 
m o s t mater ia l s — it a l lows the u s e of 
shor ter soak t imes a n d lower p ressures . 
U s i n g pressures be low 3 . 5 M P a m e a n s 
that air can b e u s e d to pressur ize the ves­
sel (at h ighe r p ressures , air becomes a b i t 
dange rous because the h i g h concen t ra ­
t ion of oxygen cou ld lead to a n u n w a n t e d 
chemica l explos ion) . Otherwise n i t rogen 

board h a s b e e n m a d e u s i n g the t e c h n i q u e . 
However , t he h i g h t empera tu re requ i red 
for good p u l p i n g (about 280°C) a lso leads 
to cook ing of t he fibres (giving r ise to t he 
c h a r a c t e r i s t i c d a r k b r o w n c o l o u r ) . 
Obvious ly , s u c h a t e c h n i q u e is no t sui t ­
able for paper -making . 

D r M a m e r s ' advance was to devise a n 
e x p l o s i o n - p u l p i n g a p p a r a t u s t h a t r e ­
qui red signif icantly lower t empera tu re . 
I ndeed , for a n u m b e r of feed-stocks, in ­
c l u d i n g recycled paper , i t is bet ter to u s e 
n o hea t ing a t all . 

O n e way of v i ewing the process is to 
see it as o n e u s i n g a n explos ion to sor t 
m a t e r i a l s : m a s s e s of p a p e r f ibres a r e 
b l o w n to b i t s ; the res t escape relatively 
unsca thed . A prac t ica l opera t ing strategy 
at a recycl ing depot m a y t h u s b e to p u l p 
everything w i t h o u t h e a t i n g after only a 
s h o r t h i g h - p r e s s u r e t r e a t m e n t . T h i s 
wou ld readily p u l p n o r m a l papers , l eav ing 
'difficult' papers t o be easily separated. 
La te r , these mate r ia l s ( such as h igh-wet -
s t reng th papers , waxed ca r tons , p h o t o ­
graphic papers , foi l - laminated board , a n d 
plast ic-coated i tems) cou ld be pu lped after 
a m o r e pro longed t rea tment . 

H e a t i n g is avo ided b e c a u s e e levated 
t e m p e r a t u r e s c a u s e con t r a r i e s s u c h as 

This shows how the various components 
fared when waste paper, loaded with 
rubbish, was explosion-pulped. 

or l o w - o x y g e n f l u e g a s n e e d s t o b e 
employed. 

Actual ly , if c l ean mi lk car tons or o ther 
l amina te s are to be processed, p re s su re 
t r ea tment and c o o k i n g are e n o u g h to le t 
t he layer c o n t a i n i n g paper fibre free i tself 
f rom the rest . N o c h e m i c a l t r ea tment or 
exp los ion p u l p i n g is necessary, a n d i n fact 
t he lat ter is n o t des i rab le s ince i t w o u l d 
needless ly f ragment t he u n w a n t e d layers . 
As it i s , t reated p las t ic l amina te s appear as 
l o n g s t r ings , so m o s t of t h e m c a n b e 

Instead of burning it, we can make 
paper from wheat stubble. 
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readi ly removed w i t h barbed wire fitted i n 
a n ag i ta ted t ank . I n e x p e r i m e n t s con ­
duc t ed by D r M a m e r s , the plas t ic c o n t e n t 
of recycled m i lk ca r ton p u l p was less t h a n 
0 • 2 % af ter a p r e l i m i n a r y s c r e e n i n g . 
A b o u t 9 0 % of t he fibre was recovered. 

A s wel l as recycled paper , exp los ion 
p u l p i n g is especial ly su i ted to the proces­
s ing of bagasse , w h e a t s t raw, and o ther 
fas t -growing crops s u c h as kenaf. Nor ­
mal ly these mate r ia l s are difficult to p u l p 
because they con t a in a h i g h propor t ion of 
p i t h (parenchyma cells) . Bagasse (sugar­
cane after c rush ing ) c a n con t a in 25—30% 
p i th and i n w h e a t s t raw the figure c a n be 
as h i g h as 6 8 % . U p o n p u l p i n g by s tandard 
m e t h o d s , t h e t h i n - w a l l e d p a r e n c h y m a 
cells readily co l lapse a n d inh ib i t t h e free 
escape of wa te r d u r i n g p a p e r - m a k i n g . 
T h e poor d ra inage s lows d o w n p roduc ­
t ion. 

W h e n D r M a m e r s subjected bagasse 
a n d whea t s t raw to exp los ion p u l p i n g , 
however , the n e w m e t h o d p roduced a d is ­
t inc t difference. T h r o u g h a mic roscope 
h e cou ld see tha t the p a r e n c h y m a cel ls 
h a d n o t jus t col lapsed, b u t d i s in tegra ted 
in to smal l f ragments . T h e s e p ieces , h e 
found , cou l d be s c r eened o u t t o yie ld 
p u l p s wi th m u c h bet ter dra inage . 

Special nozzle 
T h e key to D r M a m e r s ' success i n m a k i n g 
exp los ion p u l p i n g opera te efficiently at 
l ow tempera tu res was to u s e a d i scha rge 
nozzle of nove l des ign . T h i s nozzle very 
effectively t u rns t he energy stored as gas 
pressure i n to work d o n e i n tea r ing t he 
wood fibres apart . A t the b e g i n n i n g of t he 
research p r o g r a m h e used a s traight , open 
nozzle and found the p u l p i n g efficiency of 
wood ch ips to be only abou t 17%. C o n ­
s t r ic ted nozzles w e r e t r ied — as o the r 
workers i n t he field h a d sugges ted — bu t 
n o m o r e t h a n 2 0 % of the mass of fibre 
b u n d l e s ended u p as s ing le fibres. F u r ­
t h e r m o r e , p r o b l e m s w i t h b l o c k i n g be ­
c a m e very p r o n o u n c e d . 

Obviously, a way of c rea t ing a h igh ly 
t u r b u l e n t f l o w d u r i n g t h e d i s c h a r g e , 
w i t h o u t too m u c h h i n d r a n c e to t he flow, 
was wanted. D r M a m e r s tr ied p u t t i n g a 
smal l bar across t h e nozz le ; th i s t i m e c lose 
to 3 0 % p u l p i n g efficiency was ob ta ined . 
H e t h e n tr ied a spiral s ta i rcase of bars 
(35%), var ious f lu t ings o n the ins ide sur­
face of the nozzle (not m u c h difference), 
a n d finally a r a n d o m or ien ta t ion of cross 
bars — success ! A b o u t 8 5 % of t he wood-
c h i p mass finished u p as ind iv idual fibres. 

D r M a m e r s s u r m i s e s tha t the bars serve 
to ca tch each w o o d c h i p so tha t it folds 
over a bar l ike l in t o n a d ra in -ho le p la te . 

O the r mater ia l p a s s i n g over t he c h i p pro­
gressively pul l s fibres off. 

B lock ing doesn ' t s e e m to be a large 
p r o b l e m , and i n p rac t i ce a n u m b e r of 
nozzles side-by-side wou ld be used . 

A further advantage of explos ion pu lp­
i n g is tha t the forces genera ted d u r i n g the 
explos ive d i s c h a r g e c o m b i n e w i t h t he 
chemica l effects of a cook ing process to 
re lease i nk par t ic les from recycled paper . 
As a resul t of th i s combina t i on , t he pro­
cess uses less chemica l s t h a n m o s t o ther 
de - ink ing me thods . 

Material is fed into the digester (and 
sometimes heated with steam) before 
being placed under high pressure for a 
few minutes. It is then explosively 
released through a special nozzle. 

T h e ga in is n o t great w h e n dea l ing w i t h 
newspr in t , bu t is s ignif icant w h e n dea l ing 
w i t h very adhes ive i nks , s u c h as those o n 
f r o z e n - f o o d p a c k s . H e r e , c h e m i c a l l y 
bonded , or u l t raviole t -cured, inks are u s e d 
to increase durabi l i ty ; they also m a k e re­
cycl ing t he pack m o r e difficult. A conven­
t iona l r es lusher cou ld work for h o u r s try­
i n g to s e p a r a t e f ibres f rom t h e p a c k , 
whereas explos ion p u l p i n g can do so i n 
m i n u t e s wi th greater t h a n 9 9 % fibre re ­
lease . 

Utilizing crop wastes 
T h e sugar indus t ry h a s b e c o m e very in ­
terested i n the prospec t of t u r n i n g excess 
bagasse in to paper pu lp . Sugar mi l l s u s e 
some of their bagasse for firing boi le rs , 
bu t they have m u c h m o r e on h a n d t h a n 
they need. 

T h e idea t h e n is t ha t bagasse cou ld be 

tu rned in to pu lp , dr ied and pellet ized, and 
stockpiled for s h i p m e n t . P r ices for p u l p 
are qui te s table compared w i t h tha t of 
sugar , w h i c h f luctuates a lot. 

T h e approach tha t m a k e s the w h o l e 
s c h e m e feasible is that each mi l l cou ld 
p roduce p u l p on s i te , because a s ing le 
exp los ion-pu lp ing vessel is smal l bu t h a s 
a large p rocess ing capaci ty. A 5-m 3 d iges­
ter could h a n d l e all t he bagasse from a 
smal l mi l l (100 t o n n e s of bagasse a day). 
T h e smal lness of the u n i t m e a n s lower 
capi tal cost and bet ter ability to p u m p h e a t 
quickly i n to it. La rge r mi l l s wou ld s imply 
have mul t ip les of t he s a m e un i t . T h e only 
chemica l the mi l l wou ld need would be 
caust ic soda for c o o k i n g the pu lp , and 
e x p l o s i o n p u l p i n g n e e d s on ly half t he 
quant i ty no rma l ly used . 

Feas ibi l i ty s tudies d o n e so far by D r 
M a m e r s look favourable on b o t h pract ical 
and economic g r o u n d s . 

Ano the r p r o m i s i n g avenue for explo­
s ion pu lp ing is whea t s traw. At the pre­
sen t m o m e n t , of all the mi l l i ons of t o n n e s 
of whea t s t raw left i n our paddocks after 
each season, only a m i n u t e fraction is 
t u rned in to paper . A P M L t d have a p lan t 
at Broadford, V i c , tha t processes a smal l 
quant i ty of s traw in to pu lp . 

D r M a m e r s e n v i s a g e s a n u m b e r of 
sma l l e x p l o s i o n - p u l p i n g p l an t s i n t he 
whea t bel t tha t cou ld be profitably r u n , 
despi te the i r opera t ion b e i n g only sea­
sonal . 

T o b a l a n c e h i s o p t i m i s m r e g a r d i n g 
these enterpr ises wi th bagasse and whea t 
s t raw, D r M a m e r s is m u c h m o r e s a n g u i n e 
abou t the poss ib i l i t ies of exploi t ing kenaf 
wood and r ice s t raw — they p roduced 
paper of poor qua l i ty . H e is a l so very 
reserved ab o u t the l ike l ihood of ge t t ing 
explos ion p u l p i n g t aken u p by our con­
vent ional wood-ch ip p u l p i n g conce rns . 
Theore t ica l ly , t he process has a lot to 
offer, bu t nobody in t h e p resen t s tate of 
affairs is ready to inves t in a novel p l an t to 
expand th is type of opera t ion . 

T h e future for exp los ion pu lp ing , ac­
cord ing to D r M a m e r s , l ies i n the recycl­
i n g of all sorts of was te paper and pe rhaps 
i n p rocess ing a n n u a l crops like bagasse 
a n d straw. 

More about the topic 
T h e S i r o p u l p e r — a n e w c o n c e p t i n 

was tepaper recovery. H . M a m e r s . Ap-
pita, 1978, 32, 1 2 4 - 8. 

Exp los ion p u l p i n g of a n n u a l and fast-
g rowing p l an t s . H . M a m e r s , D . M e n z , 
and J. P . Yur i t ta . Proceedings of the 
33rd Appita General Conference, 
Hobart, 1979, 1979. 
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