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W ar St or ies an d  Case St u d ies 



Saf et y  - Clear in g  Hyd rat ed  Lim e Lin e Plu g s 
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KNOW N RISK FOR SEVERE EYE INJURIES 

• W ear the p roper PPE 

– Protect  your face and  eyes.  Gogg les, dust  m ask, and  face sh ield  shou ld  be 
w orn  

– Consider the buddy syst em  – if overcom e by exposure; one m ay need 
assistance 

• Elim inat e any p ressu re in  line before at tem pt ing  to b reak the line 

– Posit ion  yourself t o be p rotected  in  event  of unexpect ed  d ischarg e 

– W hen breaking  seal, act  as if  t he line is p ressu r ized  



USGS An n u al  Su rvey  o f  Lim e Prod u c t ion  
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• Steel is lead ing  m arket  for lim e 

• Top five lim e p roducers ~80% of US volum e 

• Annual p roduct ion  of ~17M tons 

– AL, MO, OH, and TX are m ajor cen ters of lim e product ion  

• Curren t  dem and drivers  

– Const ruct ion  
o Da t a  ce n t e rs  
o W a re h ou se s  
o In fra s t ru c t u re  

– Re n e w a b le -b a se d  
o EV b a t t e ry m in e ra ls  

U.S. HiCal Lim e Mark et s 
2023 



D ry Sorb en t  In ject ion  Usin g  Hyd ra t ed  Lim e 

Pre-SCR in ject ion  for low  load  operat ional benefit s 

Post -APH in ject ion  to 
m eet  regu latory 
requ irem ents 

Pre-APH in ject ion  for APH clean liness and  other operat ional benefit s 



D SI Con veyin g  Syst em  Com p on en t s 
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Feed  Bin  Feeder Sp lit t er  

Also used : dehum id if ier , ch il ler /air-air  heat  exchang er, in -duct  m ixing  devices, h ig h  d ispersion  lance t ips 

Convey Air  

  

Convey Pipe 

 

In ject ion  

    



W ar  St o ry  – Carb on at ion  Scale  at  Ro t ary  Feed er  

Ut ilit y experienced  severe scaling  just  dow nst ream  of the 
hydrated  lim e rotary feeder d rop  off poin t . 

Issue is close to rotary airlock and  not  evident  dow nst ream . 

Scale bu ilt  over t im e, increased line p ressure, and  requ ired  
dow nt im e to clean. 

 

 

W hat  fact ors need  con t rolled  t o reduce scaling ? 
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Dehum id if ier Blow er Feeder In ject ion  Poin t  
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TVA W id ow s Creek  Reso lu t ion : 
Op t im ize A i r  Flow  an d  Tem p erat u re  

Min im ize deposits using  cont rolled  a ir flow without  the need to dehum id ify 

M. W ilso n  a n d  B. W illia m s, TVA, 20 0 7 



Con vey in g  Syst em  Issu es – D ep osi t  in  Pip in g  

© 2024 MLC 8 

• Hard  Scale (calcium  carbonate)  

– Short  t erm  form at ion  – convey air effects 
o Qu a lit y 
o Qu a n t it y 

– Lo n g  t e rm  fo rm a t io n  
o Min im ize  p h ysica l ‘h o t  sp o t s’ 
 Un ion s a n d  e lb ow s 

• So ft  sca le  (h yd ra t e d  lim e  p o w d e r) 

– Sa lt a t io n  ve lo c it y ~2,4 0 0  ft /m in  
– Ta rg e t  3,30 0 -4 ,0 0 0  ft /m in  t o  ke e p  h yd ra t e  su sp e n d e d  

 
Scale form at ion is observed genera lly in  Dry Sorbent  In ject ion system s and usua lly not  an issue in  

Circu la t ing  Dry Scrubbers 

Te m p e ra t u re  Mo ist u re  

CO 2 
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Ext en d ed  Ru n  on  M LC Test  Syst em  - Rem ove CO2 

Runs A & B 
Ambient air 
~400ppm CO2 

Run C 
Passive scrubbing 
~150ppm CO2 

Run D 
Active scrubbing, <50ppm CO2 

Shallow Pocket Drop Thru Rotary 
Heat exchanger 
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Con vey in g  A i r  Qu al i t y  – Con t ro l  Tem p  an d  M o ist u re 

Pre-ch il l + desiccan t  d ryer: very ef fect ive m oist u re rem oval 
• De w p o in t s  n e a r d ry co m p re sse d  a ir q u a lit y 
• Gre a t ly re d u ce d  p o ssib ilit y o f “Co n d e n sa t io n  Eve n t ”  

(Donner , Duke Energy) 



Case St u d y  2 – Hy d rat e  D ep o si t s D o w n st ream  o f  Sp l i t t e r  

A poor techn ical sales eng ineer from  a lim e com pany is t rying  to run  a DSI dem onst rat ion  
using  a ren ted  horizon tal t railer w ith  four rotary feeders. As the t rial p rog resses, he becom es 
repeated ly p lagued by d ry pow der p lugs in  the lances dow nst ream  of th is sp lit t er. The p lugs 
cause issue w ith  inconsisten t  SO3 rem oval and  requ ire stopp ing  feed  to unp lug . In ject ion  poin t  
w as under vacuum . 
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Reasons for the d ry pow der p lugs? 

Upon com plet ion  of the t rial, t he con t ractor said  he ‘n e e d e d  t o  re p la ce  a  cou p le  o f ro t a rie s’ b e ca u se  t h e  
syst e m  w a s in  se rvice  fo r t ron a  p rio r t o  u se  a t  ou r h yd ra t e  t ria l. Th e  fe e d e rs  w e re  w orn  a n d  h ou sin g  sco re d . 

(In st ru c t o r’s  n o t e : d u p lica t in g  t h is  
se t  u p  is  n o t  re com m e n d e d !) 



Bew are o f  Con vey in g  A i r  “Leak s” 
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Leakage Air 
(Blow By)

Pickup Pan

Rotary
Airlock 
Feeder

Va lve  b o d y a n d  ro t o r va n e s  d e ve lo p  w e a r fro m  a b ra sive  a n d /o r e ro sive  
e ffe c t s  o ve r t im e  

Re su lt : Re d u c t io n  in  co n ve yin g  a ir ve lo c it y 
• P ro d u c t  d e p o sit s  in  co n ve yin g  lin e  
• Gra d u a l in c re a se  in  co n ve yin g  a ir p re ssu re  
• P e rio d ic  sp ike s  in  co n ve yin g  p re ssu re  

 
Ta rg e t  co n ve yin g  ra t e  is  330 0  – 4 90 0  ft /m in   
• Ab o ve  sa lt a t io n  ve lo c it y fo r h yd ra t e  
• Avo id s e xce ssive  a ir t h a t  co u ld  le a d  t o  

ca rb o n a t e  sca le  fo rm a t io n  
 



Case St u d y  3 – Id en t i f y in g  B en ef i t s o f  H ig h  Reac t i v i t y  Hy d r at e  

W here you capture pollu tan ts can  be m ore im portan t  than  how  you capture them . Slow er 
react ing  or slow er to d isperse hydrated  lim es can present  usage penalt ies or lim it  benefit s 
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Considerat ions 

• Residence t im e 

• React ion  w indow  

 

Higher performance at equivalent feed Reduced usage for equivalent removal rate 

Utility on-site hydrate 

Pilot Scale Comparison of In-Flight Capture of SO2 by MLC High 
Reactivity Hydrated Limes 

Note that this chart is for SO2 removal; curves will be different for SO3 and HCl 

FGT hydrate 

HRH 

HRH-64 HRH-80 



HRH W ork s Bet t er  in  a Tig h t  Reac t ion  W in d ow  
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Ut ilit y desired  h igh  SO3  cap ture at  Air 
Preheater in let  so they evaluated  HRH 
versus their exist ing  hydrate, FGT (Flue Gas 
Treatm ent ) 

 

Underst and  t he in -f l ig h t  cap t u re of  you r hyd rat ed  lim e 

HRH reduced SO3  sign ifican t ly com pared  to 
FGT hydrate 

Custom er had  con fidence the h igh  react ivit y 
sorben t  w ou ld  bet ter p reven t  APH bu ildup  

 



Sid eb ar  – Flu e Gas Ch arac t er ist ics D u r in g  Test in g  
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Load  ram p  can  cause condensab le acid  bu rn -of f  
Mak e su re t o accoun t  for t h is w hen  st ack  t est ing  

Not  the sam e p lan t  or test  as p revious slide 

SCR In let  Tem p  

Load  

Duct  SO3 



M ore Ev id en ce Th at  In -f l ig h t  Cap t u re is Key  

Circu lat ing  Dry Scrubber 

• Hydrated  lim e en ters the flue gas 
t yp ically at  post -Air Heater 
tem peratures (< 400 °F) 

• W a t e r sp ra y a id s  in  SO 2 ca p t u re  via  
w e t t in g  o f h yd ra t e  a n d  t e m p e ra t u re  
re d u c t io n  

 

Does react iv it y m ak e a d if ference in  an  environm en t  w here sorben t  is recycled? 

 



Com parison  vs purchased FGT 
h yd ra t e d  lim e  

• Ave ra g e s o ve r m u lt ip le  w e e ks 

• 25-30 % o ve ra ll le ss  h yd ra t e  w it h  HRH 

• No t e  e ffe c t s  o f Lo a d  o n  p e rfo rm a n ce  

• Sit e  co n ve rt e d  d u e  t o  s ig n ifica n t  co st  
sa vin g s a n d  a sh  d isp o sa l b e n e fit s  

• Co n t in u e  t o  u se  HRH (6+ ye a rs) 

 

Reac t iv i t y  o f  Fresh  So rb en t  D oes Ben ef i t  a CD S  

Red – HRH 
Blue – FGT Hyd 

Com p a rison  o f h yd ra t e  va ria n t s  
• Mu lt ip le  e va lu a t io n s o f HRH t yp e s  
• Sig n ifica n t ly le ss  h yd ra t e  w it h  u p g ra d e s  
• Sig n ifica n t  a sh  d isp o sa l sa vin g s  
• Ad d it io n a l o p e ra t io n a l b e n e fit s  w it h  

im p ro ve d  HRH p e rfo rm a n ce  
• Ha ve  u se d  HRH p ro d u c t s  fo r se ve ra l ye a rs  

Ut il it y Dry Scrubber 

HRH HRH-80 HRH-64 

Indust r ial CDS Indust r ial CDS 

Com p a rison  o f HRH vs FGT 
• HRH: 10 % p e rfo rm a n ce  

im p ro ve m e n t  o ve r FGT h yd ra t e  
• Sit e  u se d  ~20 % le ss  so d a  a sh  in  

fu rn a ce  -> add it ional cost  
saving s 

• HRH a llo w e d  CDS t o  o p e ra t e  a t  
h ig h e r SO 2 lo a d in g  -> g reat er 
ab il it y t o m anag e ‘sp ik e’ 
even t s 

• Sit e  n o t e d  re d u ce d  a sh  -> cost  
saving s 

 



W ar  St o r ies: Ben ef i t t in g  f r om  a Rel iab le Feed  
Syst em  
Several Ut ilit y and  Indust rial DSI system s w ere estab lished in  the 2000 ’s . Bo t h  in d u st rie s  le a n e d  t ow a rd  
sod iu m -b a se d  syst e m s (m ille d  a n d  u n m ille d  t ron a /sod iu m  b ica rb on a t e ) fo r h ig h  re m ova l ra t e s  o f SO 3 o r HCl. 
Th e  a d ve n t  o f e n h a n ce d  h yd ra t e d  lim e s (Hig h  Re a c t ivit y, h ig h  su rfa ce  a re a ) op e n e d  op p o rt u n it ie s  fo r m ore  
e con om ica l a c id  g a s  con t ro l u s in g  a  m ore  a sh -frie n d ly so rb e n t . 

St ory 1: An  in c in e ra t o r w a s u sin g  m ille d  b ica rb  t o  con t ro l HCl e m it t e d  in  h ig h  con ce n t ra t ion  b u rs t s . Th e  s it e  
w a s in t e re s t e d  in  low e r a n n u a l so rb e n t  co st  a n d  e lim in a t in g  a  m a in t e n a n ce  h e a d a ch e  on  t h e  m ill.  
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Proposal 
• MLC t e m p o ra ry fe e d  syst e m  
• HRH-64  

• Hig h  Re a c t ivit y Hyd ra t e d  Lim e  
• Su rfa ce  Are a  4 0 -4 5 m 2/g  



In c in erat o r  D em on st rat ion  Resu l t s 
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Good New s: 

• Feed system  w orked  g reat  

• HRH-64 perform ed excep t ionally w ell vs incum bent  
sorbent  

Sw it ch ing  t o HRH-64  reduced  annual sorben t  cost s, im p roved  pollu t an t  cap t u re, 
and  elim inat ed  a m ain t enance headache 

H
C

l p
p

m
 

 



W ar  St o r ies: Ben ef i t t in g  f r om  a Rel iab le Feed  
Syst em  

St ory 2: A Ut ilit y pow er p lan t  used t rona to con t rol SO3 for m any years. Use of t rona on ly p rovided 
for environm ental benefit s, w ith  no ab ilit y to con t rol Air Preheater bu ildup . The site w anted  
flexib ilit y on  in ject ion  locat ion , operat ional benefit s, ash  sale poten t ial, and  a shorter supp ly chain .  
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Proposal 
• MLC tem porary feed  system  
• High  React ivit y Hydrate (HRH) 

p roduced in  the custom er’s  re g io n  
• 30  d a y d e m o n st ra t io n  a n d  t ry t o  

q u a n t ify a ll p o t e n t ia l b e n e fit s  



Ut i l i t y  D em on st rat ion  Resu l t s 
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All Good New s: 

• HRH feed  rates Pre-SCR perform ed equ ivalen t  to t rona fed  post  APH 

– SO3  condensab les < 10 ppm  at  APH in let  
– Could  reach below  detectab le on  Breen probe w ith  200 lbs/h r m ore HRH 
– APH bypass dam pers closed and on  Dp increase in  APH 

• Sod ium  in  ash  < 1.0% 

• Site converted  to HRH; fu ll scale im p lem entat ion  m atched dem onst rat ion  
resu lt s 

 

The use of  a reliab le feed  syst em  for dem onst rat ions is im perat ive t o est ab lish  
perform ance capab ilit ies of  t he hyd rat ed  lim e 



W ar  St o r ies: Ben ef i t t in g  f r om  a Rel iab le  Feed  Syst em  
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St ory 3: An  Indust rial custom er uses hydrated  lim e to con t rol SO2  em issions needed im proved  cap ture to 
gain  fuel flexib ilit y w h ile m eet ing  t igh ter regu lat ions. They “ca n ’t  g e t  t h e re  from  h e re ” w it h  t h e  e xis t in g  
20 10 s-e ra  DSI syst e m ; m a xim u m  fe e d  ra t e s  o f HRH st ill yie ld  SO 2 e m iss ion s  ou t s id e  o f re g u la t o ry 
re q u ire m e n t s . 

 

 

Cust om er m et  SO2  rem oval t arg et  on  f irst  day of  t he t est  

Proposal 
• Up g ra d e  t o  a  co n ica l 

sp lit t e r in  u p w a rd  
d ire c t io n  

• Ad d  a  fo u rt h  in je c t io n  
la n ce   



W ar  St o ry : In jec t ion  Gr id  an d  Flu e Gas M easu rem en t  

A large p lan t  using  h igh  su lfu r, h igh  ash  coal and  t igh t  lim it s on  su lfu ric acid  em issions w anted  to evaluate 
hydrated  lim e in ject ion  upst ream  of the APH. 

St rategy: Incorporate new  in ject ion  locat ion  upst ream  of SCR and use tem porary equ ipm ent  for HRH 
in ject ion . Measure condensab les using  a Breen probe at  the APH in let . 

 

INTERNAL & CONFIDENTIAL 24 



Ch an g es f o r  t h e D em on st rat ion  

New  In ject ion  Locat ion  
8 h igh  d ispersion  lances 
Alternat ing  long /short  

Breen  p robe 
7 ft  long  
Chosen by t raverse  



Losin g  t h e Bat t le Ear ly  
Pre-t rial est im ate of 2000-3000 lb /h r per duct  for SO3 
con t rol. ‘Ma xe d  o u t ’ t ra ile r fe e d  a n d  co u ld  n o t  m it ig a t e  
a ll SO 3 
 

What’s our 
problem? 



Su sp ect s 

• Feed t railer 
• Probe 
• Sp lit t er or lance p luggage 
• Inheren t  issues w ith  in ject ing  p re-SCR 
• Others? 

27 



NEED PROBE IN BULK FLUE GAS 



OPTIM IZATION 

Modified  lance depth  based on  
p robe feedback 

Hydra te In ject ion Upst ream  of the SCR 

Air P re h e a t e r 

Resu lt :  
Successfu l con t rol of  condensab les 
Op t im izat ion  of  HRH feed  rat es 



Op t im izat ion  
Hydrate In ject ion Upst ream  of the SCR 

* 

* 
* 
* 
* 

* * * 
* * * 
* * * 
* * * 
* * * 

* * * 
* * * 
* * * 
* * * 
* * * 

* 
* 

* 

In ject ion  g rid  configured  based 
upon CFD m odel 

Condensab le form at ion  
determ ined  th rough extensive 
t raverse at  Air Heater in let  
1. Fron t  and  back of duct  
2. Four total dep ths 
3. Enhanced hydrate ON and 

OFF 



 

 

Traverse – Com p ar ison  o f  EHL OFF vs ON 
EHL OFF  

Inef fect ive sp lit t ing  of  f low  hyd rat e conveying  syst em  w ill reduce t he perform ance 
im provem en t s of  t he enhanced  hyd rat ed  lim e  

EHL ON 

Marginal bias of condensables to B duct Some bias to South wall on A duct 

Relatively high amount of condensables on inboard sides indicate likelihood of inefficient split of EHL flow in conveying system 

Outboard sides of ducts have very little condensables 

Values shown are condensable formation temperature (°F) 
Lower is better; > 260 °F indicates increasing presence of sulfuric acid 



Th an k  you  
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Cu rt  Biehn  
Business Director 
crb iehn@m lc.com   

MLC.com  Get  a copy of  
t hese slides or 
by scann ing  
t he QR code 
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