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CORROSION IN SRC-I COAL LIQUID DISTILLATION TOWERS 

K. L. Baumert,* A. A. Sagiies,** 

B. Davis,** and C. H. Jewitt*** 

During p i l o t  p l a n t  operat ions f o r '  the  S R C - I  process, severe 

cor ros ion  developed i n  the  so lvent  f r a c t i o n a t i o n  towers. This  h igh  

cor ros ion  r a t e  on carbon and types 304 and 316 s t a i n l e s s  s tee l  occurred 

when the  p i  l o t  p l a n t  was processing coal  w i t h  0.15-0.39 w t  % ch lo r ide .  

Subsequent stream ana lys is  revealed t h a t  s y n e r g i s t i c  e f f e c t s  o f  

inorganic ch lo r i de ,  phenols, and n i t rogen  compounds were responsib le f o r  

cor ros ion  most severe i n  the 200°C (400°F) b o i l i n g  range. L i q u i d  

ana lys is  a l so  revealed the  most l i ' k e l y  pa th  o f  ch lo r ides  t o  the  tower. 

INTRODUCTION 

I n  the  S R C - I  process, so lvent  r e f i n i n g  converts h igh -su l fu r ,  high- 

ash coal  t o  a  clean-burning s o l i d  product: SRC (so lvent - re f ined coal) .  

This  process i s  developing i n  t he  W i l s o n v i l l e  P i l o t  P lan t  which was 

commissioned i n  l a t e  1973. Using ground coal and purchased hydrogen, 

the  Wilsonvi 1  l e  p i l o t  process invo lves  preheat ing a  s l u r r y  o f  coal i n  

coal-generated so lvent  and hydrogen, d i s s o l v i n g  coal ,  separat ing 

mineral mat te r  by f i l t r a t i o n  o r  c r i t i c a l  so lvent  deashing, and re- 

cover ing solvents and SRC, which i s  s o l i d i f i e d  on c h i l l e d  p la tes .  The 

process gases are  cleaned w i t h  caus t i c  soda and recyc led  w i t h  makeup 

hydrogen added. F igure 1 i s  a  schematic of the  W i l s o n v i l l e  P i l o t  P lant .  

*International Coal Refining Co. 
*Institute for Mining and Minerals Research. 

'*Ashland Petroleum Company. 



PLANT EXAMINATION AND LEAK DETECTION 

During p i l o t  p l a n t  runs, the  process was more e f f i c i e n t  when 

heav ier  b o i l i n g  so l ven t  f r a c t i o n s  were used f o r  t h e  coal s l u r r y .  Accor- 

d i n g l y ,  an atmospheric f r a c t i o n a t i o n  column was i n s t a l  l e d  a f t e r  the  

vacuum tower t o  accomplish a more prec ise  so lvent  separat ion. The 

f r a c t i o n a t i o n  tower was purchased used and i s  designed f o r  f u l l  vacuum, 

0.97-megapascal s (MPa) (140-psi ) pressure and 14g°C (300°F). The tower 

i s  approximately 16.15 m (15 f t )  l o r ~ y  w i t h  a 0.914-m ( 3 - f t )  I n t e r n a l  

eliameter. The bottom 9.14 iii (30 T1) dr-t! c l a d  w.1 t k  type 304 s t .a?nl~ss  
s t ee l ;  t he  upper 7 rii (20 tt:) o t  the  tower are carbon s tee l .  The 

o r i g i n a l  t r a y s  i n  t h i s  tower were type 316 s ta in less  s tee l  and numbered 

from the  top o f  t he  tower; t r a y s  1 through 9 were i n  t he  area where no 

s t a i n l e s s  c ladd ing  i s  on the tower wa l ls .  The tower i s  overs ized f o r  

t he  needs o f  t he  S R C - I  process. The f r a c t i o n a t i o n  tower was l i f t e d  i n t o  

p o s i t i o n  and secured i n  December 1976 and came on stream i n  approxi-  

mately May 1977 du r ing  Indiana ( Ind)  #5 coal processing. 

From l a t e  September i n  1978 through January o f  1979, Kentucky (Ky) 

#6 and #11 coa ls  were processed i n  the  p i l o t  p lan t .  During t h i s  t ime 

several leaks developed i n  unused nozzles i n  the  so lvent  tower, which 

inc luded both s ta in less -c lad  and carbon-steel nozzles. I n  February o f  

1979, t he  p l a n t  began t o  process Ky #9 Pyro coal .  Sho r t l y  t he rea f te r ,  

severe leaks were no t i ced  i n  the  f r a c t i o n a t i o n  tower which was taken out  

o f  se rv i ce  a f t e r  a t o t a l  stream t ime o f  approximately 280 hours. Exam- 

 nation o f  t he  i n t e r n a l  p a r t s  revealed t h a t  most severe cor ros ion  

occurred i n  t he  t ray-15 area i n  the  approximate b o i l i n g  range o f  200°C 

(400°F). The type-316 t r a y  a t  l o c a t i o n  15 was paper- th in;  much o f  the  

c ladd ing  th ickness on the  vessel i n  t h i s  area was a l so  l o s t .  The area 

on the  tower wa l l  immediately above the  c ladd ing  (between t.rays 3 and 

10) was severely  corroded also. The weld j o i n i n g  the uppermost c ladd ing  

t o  the  vessel w a l l  had l o s t  approximately 6.35 mm (% i n . )  o f  metal. 

Some s t ress  co r ros ion  c rack ing  occurred i n  the  tower; however, i t  i s  no t  

known whether prev ious tower opera t ion  caused t h i s  cracking. There was 

a l so  one r a t h e r  severe temperature excurs ion recorded du r ing  W i l s o n v i l l e  

tower ope ra t i  on. 



Table 1 l i s t s  the  coals processed i n  the  p i l o t  p l a n t  w h i l e  t he  

f r a c t i o n a t i o n  tower was operat ing. Amex B a l l e  Ayr and I n d  #5 coals were 

among those f i r s t  processed and contained very low ch lor ine .  Subse- 

quent ly ,  Kentucky coals #6, #11, and #9, were processed and found t o  

conta in  approximately 0.25% ch lor ide .  Because the  severe cor ros ion  was 

no t i ced  du r ing  these runs, cor ros ion  was assumed t o  occur du r ing  the  

h igh  c h l o r i d e  coal runs. I n  more recent  runs t h i s  assumption was v e r i -  

f i e d .  When Ky #9 Fies coal con ta in ing  0.07% c h l o r i d e  was processed 

w i thou t  adding sodium carbonate, f rac t ionat ion- tower  cor ros ion  ra tes  

were very low. Subsequent opera t ion  w i t h  Ky #9 Do t i  k i  , conta in ing  a  

nominal 0.25% ch lo r i de ,  increased solvent-tower cor ros ion  ra tes  around 

t r a y  15 t o  5-7.6 mm/yr (200-300 m i l s / y r ) .  P r i o r  t o  p l a n t  stream 

analyses, a  c o r r e l a t i o n  ex i s ted  between solvent-tower cor ros ion  ra tes  

and c h l o r i d e  amounts i n  the  feed coal .  

The tower was repa i red  i n  e a r l y  1979; type 321 s ta in less  s tee l  was 

used f o r  replacement t r a y s  (F igure 2). The i n t e r i o r  diameter c ladd ing  

o f  the  tower was ra i sed  approximately 1.2 m (4 f t); consequently, t he  

c ladd ing  now ends between t r a y s  7  and 8. F i n a l l y ,  ex terna l  bypass loops 

were i n s t a l l e d  on the  tower. F l u i d  i n  these loops i s  c h a r a c t e r i s t i c  o f  

t r a y s  1, 9, and 15. Sample taps and cor ros ion  probes were p laced i n  

these loops t o  measure on-stream cor ros ion  ra tes  and remove samples a t  

any t ime, 
I n  June 1979 du r ing  a  sho r t  run  before sodium carbonate was added, 

a  very good c o r r e l a t i o n  arose between the  corrosion-probe readings and 

the thickness measur~e~~lctr~ts u f  t rays  9 and 15. This c o r r e l a t i o n  sug- 

gested i n t o l e r a b l y  h igh  cor ros ion  ra tes  o f  7.6-26 mm/yr (300-1,000 

m i l  s /yr ) ;  hence, 1 w t  % sodium carbonate was added. Since June o f  1979, 

du r ing  h igh-ch lor ide  processing, 1 w t  % sodium carbonate was added t o  

the  feed i n  order  t o  main ta in  low f rac t ionat ion- tower  cor ros ion  rates.  

The cor ros ion  ra tes  are  measured d a i l y ;  the p l a n t  ad jus ts  feed-coal car- 

bonate according t o  the  amount o f  cor ros ion  repor ted i n  the  tower. More 

recen t l y ,  a  Ky #9 Fies coal was processed w i thou t  sodium carbonate. 

During t h i s  run, cor ros ion  probes detected e s s e n t i a l l y  no cor ros ion  i n  

t he  tower. 



CHEMICAL ANALYSIS 

Most a n a l y t i c a l  r e s u l t s  presented here are  f o r  two sets o f  samples 

c o l l e c t e d  a t  Wi lsonvi  1  l e .  One s e t  was c o l l e c t e d  on J u l y  20, 1979 when 

t h e  u n i t  was processing Ky #9 coal  w i t h  maximum sodium carbonate addi-  

t i o n :  9.07 kg/ton (20 l b / t on )  o f  coal .  Another s e t  o f  samples co l -  

l e c t e d  December 15, 1979 us ing  Ky #9 coal was processed w i t h  low sodium 

carbonate add i t i on :  1.13 kg/ton (2.5 1  b/ton). The f rac t ionat ion- tower  

co r ros ion  r a t e  was low du r ing  maximum sodi um carbonate add i t i on .  Con- 

verse ly ,  dur ing  low sodium carbonate add i t i on ,  t he  cor ros ion  r a t e  became 

unacceptably h i  gh. 

A f t e r  samples were c o l  1  ected Decerr~ber. 15,  1979, 1  dr-yer. d111ou11'Ls u i  

sodium carbonate were added; a  few days l a t e r  cor ros ion  ra tes  decreased 

t o  an acceptable l e v e l .  Consequently, the  ma te r ia l ( s )  responsib le f o r  

t he  severe co r ros ion  should have been present  i n  the  December 15 

samples. Table 2 prov ides the  sodium carbonate a d d i t i o n  r a t e  and corro-  

s i o n  ra tes  measured i n  t he  f r a c t i o n a t i o n  tower bypass when the preceding 

samples were co l l ec ted .  

Samples were analyzed f o r  t o t a l  e h l s r i d e  and water so lub le  

ch lo r i de .  The water-soluble inorgan ic  c h l o r i d e  was removed from the 

organ ic  sample by washing w i t h  d i s t i l l e d  water. 

Table 3  shows r e s u l t s  f o r  t h e  c h l o r i d e  ana lys is  (as ppm) around the  

tower f o r  December 1979 samples. Because the  sodium carbonate a d d i t i o n  

was changed du r ing  the  i n t e r v a l  sampled (Table I), the analyses may 

r e f  1  e c t  t h i s  change. Nevertheless , the  th ree  sampl i ng per iods are 

cons i s ten t  and r e s u l t s  f o l l o w  the  same trend. 

The c h l o r i d e  data c l e a r l y  demonstrate important  p o i n t s  concerning 

towcr co r ros i  on. 

O  ray-1' c h l o r i d e  content  i s  lower than t h a t  i n  the  tower feed; 

t he  c h l o r i d e  i s  organic r a t h e r  than water-sol uble ch lo r i de .  

O Tray 15 c h l o r i d e  content  i s  two-to-three times h igher  than 

t h a t  i n  the  feed; more c h l o r i d e  i s  present  as inorgan ic  r a t h e r  

than organic ch lo r i de .  



O Chlor ide b u i l d s  up i n  the  tower, which i s  operated so t h a t  t he  

f l ow  from the  bottoms i s  a t  l e a s t  tw ice  (and usua l l y  much 

greater  than twice)  the  f l o w  overhead. The bottoms f lows over 

t r a y  15 and the  overhead passes t r a y  1. I f  350 ppm i s  t he  

t o t a l  feed c h l o r i d e  content  and 94 ppm i s  the  overhead w i t h  a 

2- to -1  s p l i t  bottoms-to-overhead, t he  maximum c h l o r i d e  content  

o f  t r a y  15 i s  ca l cu la ted  as fo l lows:  (350)(3) = (2)(x) k 

(1)(4). Hence, t he  maximum c h l o r i d e  i s  487 ppm. As the  

bottom f l ow  increases t o  more than t h a t  o f  t he  overhead, 

maximum c h l o r i d e  i n  t r a y  15 decreases accordingly .  

O Chlor ide concentrat ion b u i l d s  up i n  t r a y  15, b u t  t h i s  e le-  

vated concentrat ion does no t  appear t o  ca r r y  through t o  tower 

t rays ,  because the bottoms c h l o r i d e  content  i s  ca l cu la ted  as 

l ess   than^ c h l o r i d e  i n  t ray-15 l i q u i d .  

Sample l i q u i d s  c o l l e c t e d  i n  t r a y s  1, 9, and 15 du r ing  maximum 

sodium carbonate a d d i t i o n  were a l so  analyzed; each sample contained l ess  

than 10 ppm t o t a l  ch lo r ide .  

One quest ion ra i sed  by the  severe cor ros ion  problem a t  W i l s o n v i l l e  

and F t .  Lewis p i l o t  p l a n t s  was whether c h l o r i d e  was reac t i ng  w i t h  some 

component o f  the  organic l i q u i d  t o  form a h i g h l y  cor ros ive  ma te r ia l .  

However, two samples conta in ing  several hundred ppm c h l o r i d e  were 

separated i n t o  phenol i c ,  basic  amine, and neut ra l  f r ac t i ons .  A f t e r  

separat ion, each f r a c t i o n  contained the  same organic ch lo r ides  concen- 

t r a t i o n  as i n  the  as-received sample. Therefore, i t  i s  u n l i k e l y  t h a t  

c h l o r i d e  i s  concentrated i n  one, o r  a few, organic compounds. 

Two small samples c o l l e c t e d  . f r o m  the  W i l s o n v i l l e  p l a n t  were 

acquired from the  ma te r ia l s  and ceramics group o f  the Oak Ridge Nat ional  

Laboratory (ORNL). One l i q u i d  was c o l l e c t e d  du r ing  I n d  #5 coa'l pro- 

cessing when no cor ros ion  was occur r ing  i n  the  f r a c t i o n a t i o n  tower. The 

o ther  sample was c o l l e c t e d  on February 1, 1979 dur ing  Ky #9 coal pro- 

cessing when the  cor ros ion  r a t e  was unacceptably high. Indiana coal 

contained 0.02 w t  % ch lo r i de ;  Kentucky coal contained 0.25 w t  % 

ch lo r i de .  



Total chloride reported in Table 3 agrees well with values ORNL 

reported after analyzing portions of the same samples. As with the 

. other tower liquids, the major portion of the chloride in the Ky-#9, 

coal-derived liquid is present in water-soluble, inorganic form. 

Organic chloride is present in similar amounts in both liquids. Signi- 

ficant differences in the nitrogen and sulfur content of either the feed 

liquid or the wash water from both coal-derived liquids did not appear 

(Table 4). 

Samples were also obtained from June 24 through June 28, 1979 

during W i  1 sonvi 1 1  e Ky #3 eoal processing (Lafayette coal ). Sod i um 

carbonate was first added June 28, 1979. Thus, these samples were 

collected shortly after the rebuilt tower was returned to operation but 

prior to sodium carbonate addition. Corrosion probes in the tower 

indicated a high corrosion rate duri.ng this perind (Table 5). Total 

chloride values measured on tray samples collected June 24 and 26 

(Table 6) show the same trend as in samples collected six months later. 

On both days tray-1 liquid contained less than 100 ppm chloride; nearly 

all chloride was organic chloride. Tray 15 (or tnwar hnt.t.nms) had a 

much higher total chloride content and a high water-soluble inorganic 

chloride content, which was not so high as in the December 15, 1979 

samples. 

5nme o f  D~cember 12, and 14, 1979 ~amplcc wcrc analyzed for 

ammonia. The as-received sample was washed with water, which was made 

basic with sodium hydroxide; an NH3-sensitive electrode determined NH3 

content. Ammonia measured by this method was low. For samples with 

100-530 ppm C1, ammonia was only about 10% of the amount of inorganic 

chloride present (Table 7). Before we can conclude that inorganic 

chloride is not present as ammonium chloride, this method must be eval- 

uatcd further. However, ammonia and chloride data obtai~~ecl by lhrqee 

labs using different techniques show a higher chloride than ammonia 

content. 

Liquids from trays 1, 9, and 15 of the fractionation tower were 

analyzed for acidic compounds. Extraction with 5-10 wt % aqueous sodium 

bicarbonate is frequently used to separate carboxylic acids from mix- 

tures. Carboxylic acids are not present as a major fraction of the 

tower liquids; instead, they varied from 0.6 wt % for tray-1 liquids to 
6 



0.1 wt % for tray-15 1 iquids. Because the bicarbonate solution probably 

removed some water-soluble phenols; these carboxylic acids concentra- 

tions should be considered the maximum concentration of carboxylic acids 

that may be present. 

Phenols, extracted into sodium hydroxides and recovered by reacidi- 

fication, comprise 35 to 55 wt % of the tower tray liquids (Table 8). 

The phenol content is highest for tray 1 and decreases as the tray 

number increases. (Trays are numbered from the top so that the upper- 

most tray is 1; the bottom tray is 20. ) Phenolic content in the 

July 20, 1979 sample measured during maximum sodium carbonate addition, 

is very similar to that of samples collected at minimum sodium carbonate 

addition. In samples from the same tray, the ratios of individual 

phenolic compounds are nearly identical for both sample dates; liquids 

composition differences are within experimental error. 

LABORATORY STUDIES 

A series of experiments investigated the corrosivity of tower 

liquids and the effect of adding other species. These studies were con- 

ducted in an all-glass apparatus under total reflux conditions, an N2 
blanket, and at the liquid boiling temperature. The corrosion coupons 

were AISI 1050 carbon steel (CS) and type 304L stainless steel (SS) and 

electrically insulated from each other. Weight loss measurements taken 

at five-hour intervals were used to evaluate corrosion rates. 

The first group of experiments used July 24, 1979 as-received, 

tray-9 liquid collected when the sodium carbonate addition rate was 

1 wt % of the coal charge, and no corrosion was observed in the tower. 

Tray-9 1 iquid boi 1 i ng temperature was 220°C (428OF). The corrosion 

rates were about 1.27 mm/yr (50 mils/yr) for CS and less than 0.127 

mm/yr (5 mils/yr) for SS. At that point, approximately 1,000 ppm wt % 

ammonium chloride (NH4C1) was added to the liquid, resulting in about 

19 mm/yr (750 mi 1 s/yr) corrosion rates for CS and 12.7 mm/yr (500 

mils/yr) for SS. In consecutive five-hour tests this high corrosion 

rate diminished gradual ly as increasing amounts of metal were removed. 

Eventual ly, corrosiv i Ly returned to values observed prior to NH4C1 



a d d i t i o n .  When examined du r ing  h igh  c o r r o s i v i t y ,  the  SS coupons showed 

a  dark, adherent, and s u l f u r - r i c h  cor ros ion  scale much l i k e  t h a t  

observed i n  t h e  corroded f rac t ionat ion- tower ,  s t a i n l e s s  s tee l  t rays .  

The CS coupons were f r e e  o f  t he  adherent scale; t h i s  was a l so  observed 

i n  CS tower components. 

Described below are  the  second group o f  experiments us ing  d i f f e r e n t  

f r a c t i o n s  of tower l i q u i d  (Table 10). 

Experiment A 

F i r s t ,  a  p o r t i o n  o f  t he  as-received, t ray -9  sample was separated as 

shown i n  F igure  3. The o i l  (I) f r a c t i o n  e x h i b i t e d  low l e v e l s  o f  cor- 

r o s l v q t y .  Adding NH4C1 d i d  no t  enhenee tha t  c o r r o s i v i t y  .lid r e s u l t e d  in 
depos i t i on  o f  a wh i te  p r e c i p i t a t e  i n  t h e  coo le r  po r t i ons  o f  t he  corro-  

s i o n  apparatus. Reint roducing the  phenol i c  ( I )  f r a c t i o n  resu l  t.ed i n  

p r e c i p i t a t e  d i s s o l u t i o n  and r e t u r n  t o  h igh  cor ros ion  ra tes .  

Experiment B 

Another experiment invo lved t ray-15 l i q u i d  ex t rac ted  on A p r i l  4, 

1980, dur ing  h igh  sodi um carbonate add i t ion .  Separations were made 

us ing  t h e  method i n  F igure  4. The base c o r r o s i v i t y  o f  the  pheno l ic  

f r a c t i o n  (111) was low. Adding NH4C1 r e s u l t e d  i n  v i r t u a l l y  no changes 

i n  cor ros ion  ra tes  o r  i n  format ion of a whi te  deposit. i n  cnnler p'ort ions 

o f  t he  apparatus. Adding the amphoteric f r a c t i o n  (111) resu l ted  i n  h igh  

co r ros ion  ra tes  and i n  d i s s o l u t i o n  o f  the  wh i te  deposit .  

Experiment C 

The sequence o f  experiments was completed by t e s t i n g  the  cor- 

r o s i v i t y  o f  t h e  o i l  (11) f r a c t i o n ;  t he  wh i te  depos i t  appeared i n  a l l  

a .  Reintroducing p a r t  o f  Lllc p l~enol- lc  fraction (111 j t o  t l l - is u i l -  

NH4C1-basic m ix tu re  (11) t o  ob ta in  about 25 w t  % phenols resu l ted  i n  

r e t u r n  t o  h igh  cor ros ion  ra tes  and d i s s o l u t i o n  o f  the wh i te  deposits.  

DISCUSSION 

The f i r s t .  group o f  experiments i nd i ca ted  t h a t  ingred ien ts  necessary 

f o r  enhanced c o r r o s i v i t y  (other  than the  appropr iate type and q u a n t i t y  
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o f '  ch lo r i de )  a re  present  i n  t he  tower even when sodium carbonate i s  

being 'added t o  p l a n t  coal  feed. This conclus ion i s  cons i s ten t  w i t h  

r e s u l t s  o f  stream chemical analyses i n  which the  on l y  s i g n i f i c a n t  e f fec t  

o f  sodi um carbonate a d d i t i o n  was reduced inorgan ic  c h l o r i d e  1  eve1 s. 

Results from the second group o f  experiments permi t  c l ose r  i d e n t i -  

f i c a t i o n  o f  species t h a t  p l a y  an . important r o l e  i n  the  cor ros ion  

process. Experiments A and C i n d i c a t e  t h a t  neu t ra l  f r a c t i o n s  w i t h  o r  

w i thout  bas ic  compounds f a i l  t o  p rov ide  the  adequate l i q u i d  environment 

f o r  h igh  c o r r o s i L i t y  i n  t he  presence o f  ch lo r ides .  I n  a l l  cases a  

whi te,  c h l o r i d e  p r e c i p i t a t e  (not  necessar i l y  ammonium ch lo r i de ) ,  sug- 

gests t h a t  c o r r o s i v i t y  i s  low, because c h l o r i d e  does no t  s tay  i n  solu- 

t i o n .  Experiments A and C a l so  show t h a t  when phenols a re  added t o  

mixtures i n c l u d i n g  both neu t ra l  and bas ic  f r a c t i o n s  w i t h  ammonium 

ch lo r i de ,  h igh  c o r r o s i v i t y  re tu rns .  This  r e s u l t  imp l ies  t h a t  phenols 

prov ide an adequate medium t o  keep i n  s o l u t i o n  inorgan ic  ch lo r i des  

necessary f o r  corros ion.  

Experiment B shows. t h a t  h igh  c o r r o s i v i t y  can e x i s t  i n  the  absence 

o f  t he  neut ra l  f r a c t i o n .  Phenol ic compounds by themselves, however, do 

no t  e x h i b i t  cor ros ive  synergism w i t h  ammonium ch lo r i de .  Restorat ion o f  

the amphoteric f r a c t i o n  (Experiment 0 )  o r  the bas ic  f r a c t i o n  (Experi-  

ment C) i s  necessary f o r  keeping the c h l o r i d e  i n  s o l u t i o n  and f o r  h igh  

c o r r o s i v i t y  t o  occur. Although these f i nd ings  can be ex t rapo la ted  t o  

o ther  s i t u a t i o n s ,  nearby c o l d  surfaces w i t h i n  the apparatus permi t  

c h l o r i d e  removal from the  l i q u i d .  The d i s t i l l a t i o n  tower, however, 

behaves more 1  i ke a  closed, high-temperature. system which r e t a i n s  

c h l o r i d e  i n , s o l u t i o n  f o r  longer  periods. Under these circumstances the  

pheno l ic  compounds alone may be able t o  r e t a i n  c h l o r i d e  concentrat ion 

great  enough t o  r e s u l t  i n  s i g n i f i c a n t  corros ion.  

The cor ros ion  experiment r e s u l t s  support the  hypothesis o f  a  corro-  

s ion  mechanism i n v o l v i n g  HC1 formation through inorgan ic  c h l o r i d e  decom- 

pos i t i on .  The phenols can prov ide  a  s u i t a b l e  p o l a r  medium; whereas, the 

amphoteric o r  the basic  f r a c t i o n s  con t r i bu te  compounds w i t h  a  v a r i e t y  o f  

base strengths. These compounds w i l l  r eac t  w i t h  i n i t i a l  ammonium 

c h l o r i d e  t o  produce inorgan ic  ch lo r ides  o f  s u i t a b l e  s o l u b i l i t y  and 

d i s s o c i a t i o n  temperatures. 



CONCLUSIONS 

The chemical analyses show: 

High c h l o r i d e  concentrat ion i n  the  f r a c t i o n a t i o n  tower samples 

occurred when h igh  cor ros ion  ra tes  were observed. 

O The m a j o r i t y  o f  t he  c h l o r i d e  i s  present  as inorgan ic  c h l o r i d e  

i n  t he  bottom o f  t he  tower where h igher  cor ros ion  ra tes  were 

observed. 

" That s imi  l a r  organic c h l o r i d e  concentrat ions were observed i n  

t h ree  organic f r a c t i o n s  (phenol i c ,  bas ic  amine, and neu t ra l ) ,  

i nd i ca tes  t h a t  severe cor ros ion  ra tes  are no t  caused by a 

h i g h l y  co r ros i ve  organic ch lo r ide .  

O L iqu ids  i n  t r a y s  1, 9, and 14 have 35-50 w t  % phenol concen- 

t r a t i o n s ;  t h c  h ighest  phenol concent ra t ion  i s  i n  t r a y  1 where 

low co r ros ion  occurs. 
" 

O The bas ic  amine f r a c t i o n  corresponds t o  a t  l e a s t  ten  t lmes the  

c h l o r i d e  concentrat ion;  t h i s  r e s u l t  and the  low ammonia con- 

c e n t r a t i o n  i ndica tc  t h a t  some s f  tl'le i l11ur.ide i s  pr-ese111 ds 

bas ic  n i t rogen  " inorgan ic"  compounds. 

O Chlor ide  analyses o f  samples c o l l e c t e d  du r ing  December 1979 

suggest the  f o l l o w i n g  pathway f o r  c h l o r i d e  through d i s t i l -  

l a t i  on: 

F lash ---> Vacuum ---> Coal ---> D isso lver  ---> F rac t i ona t i on  
vessel tower tower 

O With the  except ion o f  ch lo r i de ,  cons t i t uen ts  necessary f o r  

enhanced cor ros ion  . a r e  p a r t  o f  the coal -der ived l i q u i d s  even 

i f  Na2C03 i s  added t o  the feed. 



O Laboratory t e s t s  suggest that necessary ingredients for  corro- 
sion to  occur are chloride, phenols, and amphoteric or basic 

fractions (probably nitrogen compounds). 



Table 1 

Analyses o f  Coals Processed w i t h  the  F rac t i ona t i on  Column i n  Service 

Coal 

Analyses, w t  % 

S C 1 Ash 

Amax Be1 1 Ayr (Emery) 1 0.01-0.12 8.5 
Ind iana #5 4 0.01-0.07 11 
Kent.11cky #6 and I1 7-5.3 13-20 
Kentucky #9 (Pyro) 0.24 
Kentucky #9 (Lafayette) 0,18-0,25 
Kentucky #9 (F ies)  0.07 
Kentucky #9 (Do t i  k i  ) 0.24 

Table 2 

P l  arr t Feed Paibarre tr1.s aiSld F r a c t i  or la t i  on Tower 

Corrosion Rates During Periods o f  Sample C o l l e c t i o n  

Corrosion r a t e  measured a t  b 

Na2C03 added: Chlor ine i n  [mm/yr (m i l s / y r ) ]  

Date kg/ton ( l b / t on )  coal coal ,  w t  %a Tray #9 Tray #15 

a In all instances feed coal was Kentucky #9 (Lafayette). 

b~orrosion rates were measured by 321SS Corrosometer (c) probe wire. 



Table 3 

Chloride in Fractionation Tower Feed 

Feed 

Chloride (ppm) 

Indiana #5 Kentucky #9 

Tower feed, total sample 

Tower feed, water washed 

Wash water 

Table 4 

Sulfur and Nitrogen i n  Fractionation Feed 

Indiana #5 Kentucky #9 

Sulfur Nitrogen Sulfur Nitrogen 

Column feed, 0.26 wt % ' 0.59 wt% 0.30wt%- 0.61wt% 

total sample . I .  - . ., 

Column feed, - - 0.53 wt % - - ' 0.60 wt % 

water washed 

.Wash water Trace 29 PPm Trace 96 PPm 



Table 5 

E f f e c t  on Tower Corrosion 

o f  Adding Na2C03 t o  Coal Feed 

Date 

Average cor ros ion  

Na2C03 added r a t e  measured a t  Tray 1 5 ~  

kg/ton (I b/ton) coal  mm/yr ( m i  1 a/yr) 

a Corrosion rates were measured by 321SS Corrosometer ( c )  probe wire. 

Table 6 

Const i tuents i n  Tower L iqu ids  

Col l e c t e d  P r i o r  t o  Carbonate ~ d d i  t i o n s a  

H,O so lub le  
L 

Date and l o c a t i o n  c h l o r i d e  Chlor ide Sul f a t e  Ammoni a 

6/24/79 Tray 1 

Tray 15 

Rnt.t.nms 

6/26/79 Overheads 

Tray 1 

Tray 9 

Tray 15 

6/28/79 B131B 

Bottoms 

4 1  < 10 550 

410 < 10 480 

5 10 no e x t r a c t  310 

270 I n s u f f i c i e n t  sample 1,450 

74 < 10 650 

620 < 10 580 

1,350 < 10 420 

900 no e x t r a c t  300 

--- - - - 

a 
-All values in parts per million. 
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Table  7 

Ammonia E x t r a c t e d  w i t h  Water from 

F r a c t i o n a t i o n  Tower Organic Layer 

Water e x t r a c t  

Feed Date  Samp 1 e C1 ( P P ~ )  NH3 ( P P ~ )  

Tray 1 12/15/79 1 

2 

12/14/79 

Tray 9 12/15/79 2 

12/14/79 

Tray 15 12/15/79 1 

2 

12/14/79 

Feed 12/14/79 

Table  8 

Phenol ~ompos i  ti on o f  F r a c t i o n a t i o n  Tower Trays 

Samp 1 e 

Tray 7/20/79 12/15/79 



Table 9 

Summary o f  Corrosion Experiments 

Corrosion ra te ,  mm/yr ( m i  1  s / ~ r ) ~  

Experimental medi um C S S S Comments 

F i r s t  group 

Tray 9, as rece ived 1.02 (40) 0  (0) - - 
Tray 9, 4,000 ppm NH4C1 b 19.1 (750) 12.7 (500) - - 

Second group 

A 

Tray 9, o i l  (I) 0 (0) 0  (0) - - 
O i l  (I) + 1,000 ppm NH~CI' 1,78 (70) 0  (0) White depns i t. 

As above + phenol ic  ( I )  26.7 (1,050) 20.3 (800) Deposi t  d isso lved 

f r a c t i o n  

B 

Tray 15, phenol ic  (111) 0 (0) -- - - - - 
Tray 15, phenol ic  (111) 0 (0) - - - - White depos i t  

+ 1,000 ppm NH4C1 

As above + amphoteric I11 High High Deposi t  d isso lved 

C 

Tray 15, o i l  (11) Low Low White depos i t  

+ 1,000 ppm NH4C1 

As above + bas ic  (11) Low Low White depos i t  

As above + phenol ic  (111) ~ i ~ h ~  ~ i ~ h ~  Deposi t  d issolved, 

( t o  25% phenols) a f t e r  10 h r  

a 
Corrosion rates are average for the first short ~eriod of exposure, unless 
indicated otherwise. 

bAmmonia chloride concentrations shown in the table are computed on the 
basis of the whole liquid sample before separation. 

C This medium contained a small amount (<1,400 ppm of the whole liquid) of 
ammonium carbonate. This addition was shown previously IMMR-48-PD-23-80 to 
have no significant effect on the corrosion behavior. 

d~hese rates were reached only during the second exposure, coinciding with the 
complete dissolution of the white deposit.. 
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Figure 3 
Phenol - Oil Separation Method 
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