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APPLICATIONS OF FABRIC FILTERS TO ASPHALT PLANTS I ...- 
. I. INTRODUCTION # I  f. . 

The National Asphalt Paving Association es t imates  t h a t  t he rea reapprox i -  
mately'5,OOO p l a n t s  i n  t h e  U. S. today which provide over 90% of the  a spha l t  
road paving m a t e r i a l s  consumed annually.  The a s p h a l t g a v i n g  market has more 
than quadrupled i n  t h e  l a s t  t h i r t y  years  t o  over 300 M ton/yr .  Because of 
the  na ture  of t h e i r  product,  p l an t s  tend t o  be w i t h i n  Q 20 mi les  of s i t e s  
they serv ice .  Cold weather i n  many p a r t s  of t h e  U. S.  l i m i t s  p l a n t  opera- 
t i o n s  t o  an average of only about 8.5 mo/yr and t h e  s i z e  of a spha l t  p l a n t s  
v a r i e s  from 20 t o  > 200 ton/hr .  While t h e  a spha l t  mixing process is 
s t ra ight forward ,  p a r t i c u l a t e  emissions w i l l  vary widely from plant-to-plant 
depending on t h e  m a t e r i a l s  processed and on equipment design and opera" Lion.  
I f  t h i s  indus t ry  d i d  not  have some form of p a r t i c u l a t e  con t ro l ,  emissions 
could run s e v e r a l  m i l l i o n  ton/yr. 
t r y  has made s i g n i f i c a n t  reduct ions i n  emissions (> 80%) pr imar i ly  through 
improved con t ro l  techniques.  T h i s  paper d i scusses  the  e f f e c t  of process 
s t e p s  on emissions and t h e  use of high-eff ic iency c o l l e c t o r s  t o  minimize 
them. 

In  t h e  last  t en  years ,  t h e  a s p h a l t  indus- 

11. OPERATING CHARACTERISTICS WHICH AFFECT EMISSIONS 

Some l a t i t u d e  exis ts  i n .  the  opera t ion  of an a spha l t  p l an t  and, by c a r e f u l l y  
monitoring t h e  process ,  p l an t  opera tors  can ad jus t  s e t t i n g s  to  ninimize 
emissions. 

(A) Process Descr ipt ion 

A t y p i c a l  batch or  continuous mix a spha l t  p l an t  (Figure l ) , c o n s i s t s  of a 
three-step process: 

1. Sizing of aggregate mix. 

2. Drying of aggregate.  

3 .  Nixing aggregate  with hot  l i q u i d  a s p h a l t i c  mater ia l .  

j I A paving mix tu re  w i l l  vary widely i n  aggregate s i z e  d i s t r i b u t i o n  depending 
on t h e  app l i ca t ion  and s p e c i f i c a t i o n  of the  purchaser. Typical ly ,  t h r e e  
t o  f i v e  d i f f e r e n t  s i z e s  of rock are metered onto a continuous conveyor 
b e l t  which c a r r i e s  t h e  mixture t o  a r o t a r y  drum dryer.  Aggregates used 
include grave l  ( 2 4 % ) ,  sand ( 3 3 % ) ,  s tone  (18%), limestone (20%), s l a g  (3%) 
and miscellaneous (2%). The dryers  a r e  designed t o  remove moisture and 
then hea t  t h e  rock t o  achieve a uniform coat ing when mixed with t h e  as- 
pha l t .  
an a spha l t  p lan t .  Dryers a r e  e i t h e r  o i l  (66%) o r  gas (34%)  f i r e d  and are 
operated with hot  a i r  flowing countercurrent  t o  t h e  aggregate  flow. 
ho t ,  dry aggregate  is next conveyed from t h e  dryer  t o  a batch mixer where 
i t  i s  combined wi th  the  hot l i q u i d  asphal t  f o r  immediate use. 

Drum mixer p l an t s ,  of which the re  a r e  about 400 i n  operat ion,  a r e  discussed 
l a t e r .  

The r o t a r y  d r y e r  is t h e  major source of p a r t i c u l a t e  emissions i n  

The 

, 
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-(B) Dryer Operation 
. .  
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Most a spha l t  p l an t s  opera te  in t e rmi t t en t ly - - s t a r t i ng  and stopping numerous 
times as they match production t o  demand. This can pose s p e c i a l  problems 
t o  emission con t ro l  devices  i f  ca re  is not  taken t o  maintain temperature. 
Nany u n i t s  today a r e  f u l l y  automated so t h a t  an operator  can a d j u s t  the  
feed composition, d ryer  r a t e ,  drying temperature and burner operat ion from 
a c e n t r a l  con t ro l  room. Here a l s o ,  the  performance of the  emission con t ro l  
system should be c a r e f u l l y  monitored s i n c e  i t  i n t e r a c t s  with t h e  dryer  
var iab les .  
l e v e l  of dryness i n  t h e  aggregate wi th  a minimum of temperature surges  and 
excess air .  A 25% excess a i r  l e v e l  and an e x i t i n g  gas temperature of 250"- 
300°F t y p i c a l l y  provides optimum f u e l  e f f ic iency .  As t h e  aggregate i s  fed 
i n t o  the  dryer ,  it is tumbled through the  hot combustion gas which d r i e s  
t h e  aggregate. Along with t h e  moisture,  f i n e  p a r t i c u l a t e  is  c a r r i e d  of f  
by t h e  exhaust gases. The en t ra ined  dus t  w i l l  vary g r e a t l y  i n  p a r t i c u l a t e  
concentrat ionand s i z e  depending on t h e  feed compositionbut,  t y p i c a l l y ,  30-40% 
of dust  emitted w i l l  have a p a r t i c l e  s i z e  < 20 pm and 10% < 5 pm. A 100 
ton/hr  u n i t  may e m i t  a s  much as 2-8 ton/hr  of p a r t i c l e .  
l i f t  and tumble t h e  rock away f r o n  t h e  dryer  wal l s  a r e  placed i n  a dryer  
t o  improve t h e  contact  between t h e  ho t  combustion gases and t h e  aggregate.  
Although they increase  t h e  aggregate  hold-up t i m e  (and, thus ,  t h e  r o t a r y  
d r ive  motor power), they a l s o  improve drying ef f ic iency .  A proper combus- 
t i o n  of f l i g h t s ,  i .e.,  number and arrangement, w i l l  provide t h e  b e s t  
e f f i c i ency  balance. However, by increas ing  gas-par t icu la te  contac t ,  f l i g h t s  
a l s o  increase  p a r t i c u l a t e  entrainment i n  the e x i t i n g  gas stream and, thus,  
emission con t ro l  load. The terminal  s e t t l i n g  ve loc i ty  w i l l  determine the  
p a r t i c l e  s i z e  d i s t r i b u t i o n  t o  be co l l ec t ed  and the  following equat ions apply. 

Idea l ly ,  the  dryer  should be operated to achieve t h e  des i red  

F l i g h t s  vhich 

P a r t i c l e  Size Terminal S e t t l i n g  Veloci ty  

2. (100 < dp < 1000 pm) 

_ _ _ _ _ - - - - -  !I 
2 Vt = s e t t l i n g  v e l o c i t y  = f t / s e c  g = a c c e l e r a t i o n  due t o  g r a v i t y  = ft/sec 

d p = p a r t i c l e d i a m e t e r i n e q u a t i o n s i s i n f t  

pf = f l u i d  v i s c o s i t y ,  l b / f t - s ec  

., 

= p a r t i c l e  dens i ty  = l b / f t  3 PP 

pf = gas dens i ty  = l b / f t 3  

By solving t h e  equations f o r  p a r t i c l e  diameter with a known e x i t  ve loc i ty ,  
an es t imate  can be  made of t h e  minimum diameter t h a t  could s e t t l e  i n  t h e  
dryer .  For example, from an 8' d i ame te r  drum, exhausting 30,000 acfm a t  
300"F, t h e  e x i t i n g  v e l o c i t y  i s  597 f t /min.  Solving the  equations above 
g ives  a 321 pm ('b 1/80th of an  inch) p a r t i c l e  a s  being the  minimum s i z e  
t h a t  could s e t t l e  out.  Smaller p a r t i c l e s  would be ca r r i ed  o u t  wi th  t h e  
exhaust gases.  Anything which inc reases  e x i t i n g  gas v e l o c i t y  ( i . e . ,  high 
moisture i n  rock, over f i r i n g ,  increased excess a i r )  w i l l  i nc rease  p a r t i -  
c u l a t e  emissions. 
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The drum exhaust temperature is  not  only important f o r  e f f ic iency ,  bu t  a l s o  
f o r  the prevent ion of corrosion and caking problems when a f a b r i c  c o l l e c t o r  
is used f o r  p a r t i c u l a t e  c o l l e c t i o n .  Low temperatures cause condensate t o  
deposi t  on t h e  bags and exhaust equipment, which leads  t o  caking of the  
dust .  Caking on t h e  bags l eads  t o  an increase  i n  pressure drop, a re- 
duct ion i n  throughput, and higher  energy cos t s .  On the other  hand, exces- 
s ive ly  high temperatures lead t o  shortened bag l i f e  ( a s  discussed l a t e r ) .  

Aside from p a r t i c u l a t e ,  a dryer  emits  a gas stream which contains  a i r ,  
water and combustion products.  The composition of these  emissions and 
t h e i r  i n t e r a c t i o n  with baghouses, t h e  major type of con t ro l  device,  i s  of 
importance t o  Du Pont and t h e  a spha l t  industry.  The chemistry of the  gas 
stream can inf luence  the  wear l i f e  of bags. 
high l e v e l  of success  and is  used i n  almost a l l  asphal t  p l an t  baghouses, 
Du Pont undertook a monitoring program t o  determine t h e  composition of gas 
emissions and t o  a s s i s t  t h e  indus t ry  i n  improving cos t  and ef f ic iency .  

I. . 

A s  NomexQ aramid enjoys a 

A program was  c a r r i e d  out  by Du Pont, with the  cooperation of baghouse 
users ,  t o  determine i f  t h e r e  was an i n t e r a c t i o n  between the  dust  i n  a 
dryer  and SO2 generated by the  f u e l  combustion. Eight a s p h a l t . p l a n t s ,  
represent ing  a c ros s  s e c t i o n  of f u e l s  and feed s tocks,  were monitored 
f o r  SO2 u s i n g . a  Du Pont 411  u l t r a v i o l e t  photoanalyzer.. The r e s u l t s  of 
those t e s t s  a r e  shown in2'Table y A t  seven of t h e  e ight  s i t e s ,  t h e  . . 

measured S O 2  l e v e l  was l'essf6& h a l f  thKc_.lculated-€rom-the amountof 
fuel-burn-ed. Fresumably, the  aggregate absorbs s i g n i f i c a n t  q u a n t i t i e s  
of t.he SO2 generated.. I n  a l l  seven sites, the  d u s t  pH i s  > 7. Even 
those s i t e s  (#7 & C8, Table I) which use heavier o i l s  (which usua l ly  con- 
t a i n  higher  amounts of s u l f u r )  showed r e l a t i v e l y  low su l fu r  emissions.  
Therefore,  only a small  in f luence  on bag l i f e  would be expected from the  
s u l f u r  i n  t h e  gas  stream and confirms t r ade  experience. 

It is  i n t e r e s t i n g  t o  note t h e  high l e v e l  of excess a i r  present i n  a l l  
systems. 
a t ion ,  a r e  not  a b l e  t o  ca re fu l ly  balance the  burner f i r i n g  aga ins t  i n l e t  
load. Cons'equently, e f f i c i ency  s u f f e r s .  

.-- 

- ..-- 
' 

Apparently, most u n i t s ,  because of cyc l i c  na ture  of t h e i r  oper- 

IV.  BAGHOUSE VS SCRUBBER 

Early a spha l t  p l a n t s  used cyclones to  c o l l e c t  dryer  emissions, bu t  t h e  
e f f i c i ency  of cyclones was inadequate. T h i s  i s  shown by the  following 
separa t ion  data:  

Cyclone Separat ion Effect iveness  
P a r t i c l e  Dianeter - l Jm Col lect ion Eff ic iency,  Z 

l a r g e r  than 30 
10-30 
5-10 

99 
60 

5 

?!any p l an t s ,  however, s t i l l  employ cyclones t o  c o l l e c t  the  l a r g e r  p a r t i c l e s  
(used a s  a s i zed  f i l l e r ) .  Current EPA s tandards s e t  a 0.04 gr/dscf p a r t i -  
c u l a t e  emission l i m i t .  To meet t h i s  goa l ,  a cont ro l  technique with a 
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,. 
' .. Figure 2) and b e t t e r  than 96% of p a r t i c l e s  smaller  than 5 pm rhust  b e  

' . co l l ec t ion  e f f i c i e n c y  of a t  l e a s t  99+% of t 6 t a l  emissions is needed (see 

co l lec ted .  Only f a b r i c  f i l t e r s  and high-energy scrubbers  a r e  capable of 
' . meeting t h i s  goal .  

Fabric f i l t e r s  c o l l e c t  dry p a r t i c u l a t e  and allow fo r  immediate r e u s e  a s  a 
f i n e  f i l l e r . .  Baghouses have been known t o  pay f o r  themselves within three  
months, based on t h e  va lue  of the  f i l l e r  recovered. Scrubbers a r e  some- 
times used where h igh  d i r t  content keeps t h e  p a r t i c u l a t e  co l lec ted  from 

V. DRUM MIXERS 

Over t h e  l a s t  s e v e r a l  years ,  a new type of asphal t  p lan t  has been developed 
which is c a l l e d  a tu rbulen t  mass mixer (TPM). The TNN i s  being accepted 
rap id ly  wi th  perhaps a s  many a s  400 p l a n t s  i n  se rv i ce  today. 
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~ . .  (A) C h a r a c t e r i s t i c s  

I . ' ; .  
~ , I '  , .. 

'The system d i f f e r s  from a conventional p l a n t  i n  t h a t  t h e  a s p h a l t  is in- 
j e c t e d  d i r e c t l y  i n t o  t h e  d rye r ,  thus  e l imina t ing  a mixer. 
ven t iona l  r o t a r y  d rye r s ,  t hese  un' i ts  a r e  co-current f low because of t he  
a spha l t  i n j e c t i o n . ( F i g u r e  3). 
t o  t h e  rock  part-way through t h e  dryer  and, depending on t h e  type of 
paving being produced, up t o  5%' a s p h a l t  is i n j e c t e d .  
j e c t i o n  is important from a p o l l u t i o n  as w e l l  as product consideration. 
1 f . i n j e c t e d  ea r ly ,  overheating,may cause excessive amounts of hydro- 
carbons t o  b e  emit ted from t h e  a spha l t ;  and, i f .  i n j e c t e d  la te ,  inadequate 
coa t ing  may occur. A t  f i r s t ,  i t  was  claimed t h a t ,  wi th 'p roper  in j ec t ion ,  
t h e  p a r t i c u l a t e  emit ted would be captured by t h e  a s p h a l t  and no pol lu t ion  
con t ro l  devices  would be needed. However, t h i s  claim has  proven t o  be 
wrong. Baghouses and scrubbers  are both  being used as con t ro l  devices. 
Many of t h e  opera t ing  gu ide l ines  employed by a conventional p l an t  still 
apply (i.e., moderate excess air ,  e x i t i n g  temperatures 4 300°F, etc). 

(B) Monitoring Resu l t s  

Unlike con- 

The h o t  a s p h a l t  (s 300°F) is sprayed on 

The poin t  of in-  

, 

~ 

I 

The emissions from a tu rbu len t  mass mixer p l a n t  w e r e  measured f o r  SO2 and 
a check was made of t h e  dus t  f o r  t h e  presence of hydrocarbon (Table 111). 
The results were e s s e n t i a l l y  t h e  same as those  found i n  conventional 
p l an t s ,  i .e.,  h a l f  of t h e  SO2 was absorbed by t h e  dus t  (pH = 9.7) .  I n  
addi t ion ,  a n a l y s i s  of t h e  p a r t i c u l a t e  and condensed moisture  shoved only 
t r a c e  l e v e l s  of hydrocarbons and no v i s i b l e  emissions ("blue haze") were 
observed. The co l l ec t ed  p a r t i c u l a t e  was also free flowing and showed no 
tendency t o  agglomerate. 
€120 a t  about a 711 A/C r a t i o .  

The pressure  drop ac ross  t h e  u n i t  was 4-5 i n .  

'(C) Baghouse Applicat.ions 

Approximately lO0,baghouses have been success fu l ly  suppl ied t o  "ml p l an t s  
and caking and b l ind ing  have been avoided by c a r e f u l l y  con t ro l l i ng  . the 
.asphal t  i n j e c t i o n  opera t ion .  
one might do t o  r e s t o r e  baghouse opera t ion :  (1) h e a t  t h e  u n i t  to%40ODF 
and pulse  t h e  bags f o r  3-4 hours.  I f  t h a t  does no t  f r e e  the  bags and 
br ing  t h e  A P down, then (2)  launder  t o  remove t h e  hydrocarbon depos i t s .  
One or  two bags should be  given an i n d u s t r i a l  dry c leaning  or i n d u s t r i a l  
washing before  a l l  are  laundered to make c e r t a i n  they can be  cleaned 
s a t i s f a c t o r i l y .  

V I .  FABRIC DEVELOPhiT (Shrinkable Nomex) 

Current Nomex fe l ts  perform w e l l  i n  over  95% of t h e  a spha l t  p l an t  bag- 
houses i n  service. However, an unusual ly  f i n e ,  round, non-agglomerating 
dus t  is occas iona l ly  encountered which i s  very d i f f i c u l t  t o  c o l l e c t .  I n  
the  pas t ,  t h e  only opt ions  were t o  use heavier  weight f e l t s ,  reduced air- 
to-cloth r a t i o  o r  a r eve r se  a i r  or shaker system (again a t  low air-to- 
c lo th ) .  All the,se opt ions  increased system and opera t ing  cos t s .  For 
t hese  problem areas, Du Pont i s  developing a new shr inkable  Nomex f i b e r  
(SX) with f i l t e r  c h a r a c t e r i s t i c s  even b e t t e r  than r egu la r  Nomex. It is 
processed t o  a f e l t  i n  t h e  same manner as conventional Nomex and then hea t  
set a t  a n  e leva ted  temperature above any subsequent use temperature. 

I f  b l ind ing  does occur ,  t h e r e  are two things 

A t  

. .  
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I., t h i s  temperature, t h e  f i b e r s  s h r i n k  and i n t e r l o c k  t o  give a s t rong ,  dense, 
s t a b l e  f e l t  s t r u c t u r e .  
in forc ing  scrim i s  n o t  required.  

.. The s t r e n g t h  i s  s u f f i c i e n t l y  h i g h . s o  t h a t  a re- 

(A) Improved Eff ic iency  

The SN f e l t s ,  because of t h e i r  t i g h t ,  dense na ture ,  c o l l e c t  the  d u s t  more 
on t h e  su r face  and, thus,  they a r e  e a s i e r  t o  c lean  and more e f f i c i e n t .  
Improved e f f i c i ency  has  been demonstrated i n  th ree  f i e l d  t r i a l s :  (1) on 
an alumina dryer ,  (2) on a s i n t e r i n g  operat ion and (3 )  on a c l i n k e r  cooler.  

(1) In t h e  f i r s t  t e s t ,  t h e  f a b r i c  c o l l e c t o r  was f i l t e r i n g  an alumina dust 
which was round and had a low tendency t o  agglomerate. 
polyester  bags,  a leakage r a t e  of 0.067 g r / c f  (18.2 lb/day) was measured. 
A s e t  of 16 oz/ydZ shr inkable  Noma bags dramatical ly  reduced emissions 
t o  0,00145 gr /cf  (0.4 lb/day) and an  1 8  oz/yd2 s e t  to0.0005 (0.13 Ih/day). 
No change i n  pressure  drop or cleaning cyc le  was required.  

With 16 oz/yd2 

(2) 
with conventional 16 oz/yd2 Nomex, was emit t ing 0.03-0.05 g r l c f .  
i n s t a l l i n g  16  oz/yd2 SN bags, emissions were reduced by an  order  of mag- 
n i t u d e  t o  0.002-0.003 gr /c f .  

A baghouse, which was f i l t e r i n g  emks ions  from a s i n t e r i n g  furnace  
Af te r  

(3) 
one compartment of a c l i n k e r  cooler  baghouse, which w a s  funct ioning q u i t e  
w e l l  wi th  conventional T-450 Nomex bags. 
i n  adjacent  compartments and showed the  10 oz/yd2 SN r a t e  t o  be q u i t e  low 
and comparable t o  conventional 1 4  oz/yd2 Nomex bags. 

The f i e l d  t r i a l s  confirmed labora tory  f ind ings  and show tha t :  

e 

I n  the  t h i r d  t r i a l ,  l ightweight  (10 oz/yd2) SN bags were placed i n  

The leakage r a t e  was measured 

A t  equivalent  weight, f e l t s  of sh r inkab le  Nomex a r e  s i g n i f i c a n t l y  
more e f f i c i e n t .  

o For equivalent  e f f i c i ency ,  l i g h t e r  weight shr inkable  h'omex f e l t s  can 
be  used. 

(B) Lighter  Weight 

In  new o r  e x i s t i n g  u n i t s  where t h e r e  are no problems with leakage, l i g h t e r  
weight SN bags can perform wel l .  
have been i n  s e r v i c e  i n  a F lo r ida  a spha l t  p l an t  f o r  
problems. 

Bags of shr inkable  Nomex (9-11 oz/yd2) 
1% years  w i th  no 

Shrinkable Nomex f i b e r  has been introduced t o  t h e  t r ade  i n  development 
q u a n t i t i e s  f o r  t r a d e  prove-out. 

The baghouse is  b e s t  s u i t e d  t o  t h e  po l lu t ion  con t ro l  needs of t h e  a spha l t  
paving industry.  It has  demonstrated: 

o High ef f ic iency .  
o Low maintenance. 
o No waste d i sposa l  problem (usable byproduct) 

S impl ic i ty  of operation. 
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'The new turbulen t  mass mixer a spha l t  p l a n t s  ' a r e  growing s t e a d i l y  i n  number. 
and may account f o r  up t o  50% of t h e  new p lan t s  being b u i l t .  These p l a n t s  
e l iminate  the  need f o r  a s epa ra t e 'mixe r ,  bu t  s t i l l  r equ i r e  emission con- 
t r o l s  and t h e  standards' can b e  m e t  w i th  a properly designed baghouse. 

Gas stream analyses  have shown t h a t  sulfur emTssions a r e  lower than pre- 
dicted (we theo r i ze  because of absorp t ion  by t h e  rock d u s t ) .  This  absorp- 

. . t i v e  a c t i o n  of t h e  dus t  removes chemicals which could a t t a c k  t h e  Nomex 
bags. Bags of Nomex have l o n g ' l i f e  due t o  d u r a b i l i t y ,  ox ida t ive  s t a b i l i t y  
and good chemical r e s i s t ance .  

A new shr inkable  Nomex f i b e r  now o f f e r s  the  indus t ry  t h e  opportuni ty  t o  
solve unique leakage problems, inc luding  t h e  reduction i n  amount . .  and s i z e '  
of p a r t i c l e  c o n t r o l  should Federal  codes be f u r t h e r  tightened.. 
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t 
,' . Table 11: 

Efficiency, % 

Disposal Requirement 

Dust Recycleable 

Relative Initizl Cost 

Relative Operating Cost 

Corrosion 

Temperature Sensititivy 

10 

Comparison of baghouse and scrubber systems. 

.Baghouse Scrubber 

9 9+ 90-98 

None Pond f o r  contaminated water 

-Yes NO 

1.25 1 

1 

No (a) 

1.5 

NO (b) 

Yes NO 

(a) In a system properly designed to prevent dew point operation. 

(b) Unless absorbed gases are not properly neutralized. 
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1 .' Table 111. Monitoring of turbulen t  mass mixer a spha l t  p l an t .  

Operating Conditions 

Gas Stream* 

D u s t  - pH 

Hydrocarbons 

Dust 
Condensate 

Excess A i r  

Capacity 
Fuel  
Asphalt  Temperature 
I n j e c t i o n  Rate  
Baghouse - Type - Temperature 

- Bags - Pressu re  Drop 

100 T/D 
U 2  O i l  
315'F 
5% 
Plenum Pulse  
305OF 
Nomex 
4-5 .in H 2 0  

18 ppm (ca lc  = 38 ppm) 
4-4.5% 
14-152 
12% 

9.7 

Trace 
Trace 

212% 

... * Measurements made by Du Pont.  
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