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I .  SU~PAF / 

Thls progress repor~ ;s zK~ Z:ver:y-e~chth since the awarding o f  the 
c~nz~act. I t  is concor,~e~ v~;zm :~- C:-S~ ah~se of the con t rac t  and summarizes 
the progress tha: has be~ ~ = e  :n :he three ~ r i n c i ~ l  areas now being studied: 
process research: c~e~ica] e~gi~ee-ln 9 ~Cudies and mechanical development. 

Three nev co~=ustion r jns were ~ o e  w;~h bituminous coke to determine 
the e f f e c t  o ~ ~ar:Tr l~ s!ze .3~ ce- : :~>t i tn  ra~e. For s ize ranges below ~/~ 
mesh there app~a,~ iu be an exponenl id] dependence of rate on surface/volume 
r a t i o .  

One run was made at about l~0~' r  in an e r r o r :  :o b e t t e r  def ine the 
A r r h e n i u s  p | o t  of the co -bus= ion  ra te  of  b i tuminous coke. 

Six new COmbustion "unS ~vere ~de to determine the c o n s t i t u e n t  in  llg- 
nite ash which w,~s responsible For the Dr~vlou~v observed high rates Of 
combustion oF anchraclte a~C bituminous coals, t~ei~her the addition of ca|- 
c ia  nor magnesia wa¢ seen :e improve combust ion ra te .  However 2 a d d i t i o n  o f  
two percent  ca ic ium s u i f a : e  increase~ the coc~bustion ra te  o f  b i tuminous  coke 
by a f a c t o r  o f  about two at  ~oth ]82~'~ an~ I ~ G ' F .  Add l t~on  o f  two percent  
sodium s u l f a t e  to :he melt  ~ave iden~ica!  r e s u l t s  as w i t h  ca l c ium s u l f a t e .  

Some experiments hev~ ~e~,~ made ~o dete,'m;ne the tendency of  ash to 
s e t t l e  out fro~ a ~e l t .  T~e c~?im~narv F~sults i nd ica te  that  an apprec iab le 
degree o f  s e t t l i n  9 does c.cc~ - T~ ~ - e l : : ; v e : ?  short periO~ o f  time. E f fo r t s  
to f u r t h e r  p r e c i p i t a t e  od: ~sh nv th~ acc i : ; c r :  of ca!clum carbonate were not 
successful.  

A s tudy o f  one o f  the t a b o r a : ~ r y  combustion runs on char  has I nd i ca ted  
that~ on the average~ a l l  o :  the hea: ~;berated oy combust ion cou ld  be accounted 
fo r  in  terms o f  heat ;osses and s e n s i b l e  heat increases o f  the gas and the 
me l t .  Howeverj neat losses ;n t h i s  equipment are la rge  (~'75% o f  the heat o f  
r e a c t i o n )  and the v a l i d i t y  e? : h i s  ¢ o ~ : I u s i o n  ;s t h e r e f o r e  somewhat ] i m i t e d ,  
C o n s i d e r a t i o n  is being g iven  to betL~r  determine these heat iosses~ thereby  
p e r m i t t i n g  more accura :e  hea~ balance c a l c u l a t i o n s  to be made. 
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F l y . s h e e t  c a l c u l a t i o n s  hav~ con t inued  For the hydrogen p]ant~ and 
Slmi|ar t.,x)rk on a ~y~:hesis ~a~ Flowsheet has been begun. 

Preliminary results of cross flow contamination experiments with 
ethylene glycol indicate a i ~ e r  lave! o~ contamination than for water 
when there is no bed aeration. The effect of bed aeration appears greater~ 
however 2 and at high degrees of aeration the observed contamination is about 
~he same as For water. 

Attempts to determine the sp; i t  between entrained and dissolved gas 
carried over ~n cross Flow experiment,s indicated chat For the unaerated 
cases~ dissolved gas accounted for 75 to 95 percent of the ¢ontaminatlon. 

A comparison o f  the ac tua l  and p r e d i c t e d  f lows in the cross Flow 
apparatus resulted in an agreement to w~thi.-, about 20 percen=~ thus confirm- 
ing the method a~ ]east for wa;er. 
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~ ~cCO~P ! i shn-;en t s 

S t u d i e s  hav~ b~-~ ~ade ~o de!': '-;~e : h e  ~4?eLt ~: o a r = i G i e  s i z e  On GO~.- 
bustlon rate an~ tO dezermi~e the co~sZi:::eq~ ;n l ;q~;te ash whic~ gave the 
high rates of cc~nbu~tion :or ont~'e~;£~ ~r,d ox;ziz9~ ci:umlnous COal which 
were re~r ted  in Progress Repor~ 'wo. 26. T~e co-Dust:on runs are summarized 
in Table I. S(~ne Grel i r ;n~: ) '  ia./;kT:~c:iO~5 ~l.l'zc ~5-~ been made of the rate 
o f  s e t t l i n g  o f  a s h  p r e s e n t  i n  a m e l t .  

I. Effec~ of P~rtic!e 5~ze of Co~.~. on Cc~,~'asT;c.~ Ra~e 

Part ic ie size of bituminous coke ~as varie~ by scr*:(:nin~ narrow 
size ranges as shown Tn ihe Following table. Tests of theStT par t ic les have 
been corrected to a nominal lT~O'F average combustion temperature. Further, 
~o allow better com, p~rison of the effec~ of ~arcicie Size~ the surface to 
volume ra t io  of a sphere h6s been ca;cuiateO ~?Gsed On the ar i thmetic average 
of the sieve openings (6/diameter). The results are 19buILCed below and 
plotted in Figure I. After an i n i t i a l  rap~d rise in cc)r.b~stion r~te a l inear 
response was obtained on the semi-logarithmic plot of race versus ~he surface/ 
volume r a t i o .  

Mesh Size Av~. Size Sur'ace/VoIume 
- i  

C~b. Rate 17%0"F 
Ib s. Clhc./CF, 

~18 3.57 1.6~ 8.85 
i2120 i.26 a.76 i0.8 
40160 0.335 ;7-9 l&.O 
80/100 0 .163  3 6 . 8  18.9 

2. E_FFect of Temper6ture on Combustiqn Race of Bituminous COk~ 

Curvature in the Arrhenlus p~o: of combustion rate against reciprocal 
temperatJre indicated Further testing sheuid be done. Run H-134 was made at 
1798"F and is plotted ;~ Figure 2 I t  now appears as i f  the rate determined 
at 1740"F may be low. f;srzher testing w;l !  have to oe made to cI(,r iFy tk ls  
s i t u a t i o n .  
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3. .Search for Compo~:~nt i n L iqnl te Ash Which Increases_Combustion Rat~ 

The remaining rzEns in Table ls H-135 to 140~ were made to define the 
constituent in l i gn i te  ash which enhanced the rate of combustion of anthracite 
and oxidized bituminous coal (Progress Report No. 26). Hcwever~ bituminous 
coke was used In the present series of runs. Ligni te ash in the melt at the 
two percent levei increased the combustion rate of bituminous coke by a factor 
of |.63 over the normal run (Figure 2). 

Melt..Contained Avq. Temp. °F Comb. Rate 

2% Bitum. Ash 1761 14.5 
2% Ligni te Ash 1761 23.6 

Addi t ion of  ca lc ia  and magnesia to the melt~ at the two percent level~ 
fa i l ed  to have any e f fec t  on rate, However~ when calcium su l fa te  was added to 
the melt~ at the same two percent Ievel~ an exceptional rate of  46 ibs, C burned/ 
hr./CF was obtained for an average temperature of 1824"F with an i n i t i a l  temp- 
erature of 1740"F, This Is more than double the rate at 1824"F shown in Figure 
2, Further ve r l f i ca t lon  was achieved by a second test at 1640"F i n i t i a l  which 
gave a rate a|most double that in Figure 2 at the equivalent temperature, 

L ign i te  ash can be considered to contain 42.T~ calcium su l fa te  based 
upon the to ta l  su l f u r  c ~ p o s i t ; o n .  Thls leaves a s l i gh t  excess of ca Ic ia .  
Therefore: the Increase In rate appears to increase wi th the amount o f  calcium 
su l fa te .  I~ the last  run sodium su l fa te  was used in place of the calcium su l -  
fa te .  The amount was adjusted to contain the same amount of  su l fa te  as in the 
f i r s t  calcium sulfate run. The combustion rate on this run a~recd iden t i ca l l y  
~ i th  the caicium su|fate run, However 3 average temperature was a l l t ~ l e  higher. 

$u! fate appears to be the c a t a l y t i c  agent which enhances combustion 
o f  carbon in the molten sa l t  system, Ava i lab le  evidence indicates that  su l fa te  
ion increases rate by d i rec t  reaction wi th  carbon followed by a re -ox ida t ion  of 
the s u l f i t e  back to su l fa t~  by a i r .  The react ions involved are: 

C + Ne2SO 4 ...... ~ CO ÷ Na2SO 3 

Na2SO ~ + 1/202._.___~.Na2S04 

Although an attempt was made to determine i f  celcium and sodium su l -  
Fates are soluble in molten sodium carbonate through freezing point depresslon~ 
resu l ts  q u a l i t a t i v e l y  ind icate calcium su l fa te  Is not very soluble and sodium 
su l fa te  ~ y  be soluble.  Further work Is required tn th is  area. 
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4. Ash S e t t l l n q  StuJ ies 

Pre l im ina ry  exper iments on the tendency o f  ash to s e t t l e  to the bottom 
o f  a melt have been made. S i x - i nch  high melts con ta in ing  6.84% bi tuminous coal 
ash were held one hour at 1740"F with G.25-0.5 Ft./sec. superficial gas velocity 
of CO 2 mixing the melt. The CO 2 iniet was I~cated above the melt~ and the melt 
allowed to remain quiescent for 10 minutes before samplin(: five inches of~ the 
bottom. Analyses showed 3.85</o and 2 o 6 ~  of ash in the san,pies in two e~perlments.  
This was encouraging and Tndicated ash does s e t t l e  at an apprec iab le  ra te .  

An ~ bi tuminous ash melt o f  6" bed he ight  was t rea ted s i m i l a r l y  and 
samples taken at  the bottom and 5" from the bottom a f t e r  lOj ;0 and 30 minutes 
of  se t~ ] i ng .  Resul ts !abu la ted belo~ sho~, that  a rap id  s e t t l i n g  occurs in IO 
minu~es and not much t h e r e a f t e r .  How~ver~ thermol cu r ren ts  may confound these 
r e s u l t s  in the smai! 2" ID reac to r .  

S e t t l i n g  Time Wt. % Ash 
. min, ~;' o f £  btm. 8tm. 

9 B.0 8.0 
] O 3 .09  9 .2~ 
20 2.75 12.1 
30 3.7 u, 10.6 

The above r e s u l t s  very  d e f i n i t e l y  es tab l i shed  that  apprec iab le  ash 
s e t t l i n g  occurs in a reasonable tlme. I t  may be poss iE le  to recyc le  a s i g n i -  
f i c a n t  amount o f  melt w i th  3 - ~  ash in I t  w i thout  having to go through the 
sodium carbonate recovery sec t ion .  High recovery o f  sodium end not too high 
a v i s c o s i t y  in the bottom par t  o f  the mel t  w i i l  be necessary. 

A f u r t h e r  at tempt was .made t c  knock ouc the ash by adding ca lc lum 
carbonate and a l l ow ing  the m ix tu re  to s ~ t t l e  For IO minutes. The I n l t l ~ i  mel t  
composi t ion was 7. T~ ash and 3,87% calc ium carbonete. 

5 e t t l | n  9 Time Wt. % Ash 
mtn s _ ~"_ o f f  8tm. Btm__= 

O i l .57  11.57 
~0 7 , ~  16.35 
10 6.48 ;2.98 

The CaC03 behaveu l i k e  ash and i t  appears not to have !ncreased the s e t t l i n g  
ra te .  



THE M.W. KELLOGG COMPANY. 
A DIVISION OF ~ULLMAN INCORPORATED 

R~S~ARCH 8 D [ V E L O P M ~ N T  O~PARTMENT 

PAGE HO. G 

REPORT }fO. 28 

B. ~ e c t  ions 

E v a l u a t i o n  o f  the  e f f e c t  o f  s u l f a t e  on g a s i f i c a t i o n  ra te  w~ l l  be de te rm;ned ,  
Further investIg~tion of ash sst t l ing wi l l  continue, Some combustion work w i l l  
a l s o  be con t i nued .  



TABL~ I 

SU~RY OF COMBUSTION RUNS IN MOLTEN SODIUM CARBONATE/1/ 

Run No. tl.- 131 132 133 134 135 136 

Date - 1966 10 /28  10 /31  11 /2  1 1 / 3  1 ] / 7  l l / q  

Feed ~ BitumlnouB Coke 

% F i x e d  Carbon - . 
% Total Carl)on 93.2 

% VO1. Matter 0 . 6  
% Ash 6 . 2  
Gms. c h a r g e  18.5 
Mesh , t z o  4 / 8  8 0 / 1 0 0  4 0 / 6 0  ~ 12 /20  

% C i n  molt  - i n i t i a l  '] 

137 138 139 ] 4 0  
I]/11 11/15 11 /16  ]I/18 

-> 

Melt 
(]ms. Na2CO 3 / ~ /  / 3 /  405 .7  / 3 /  4 0 5 . 7  405 .7  4 0 5 . 7  405 .7  / 3 /  4 0 5 . 7  
Gms, Ash or C'mpd. ~.I 8.3 8.3 8,3 0.5 8.3 - 8.63 
Compound Added . . . .  CaO H90 LignJteAah Ca604 C~SO 4 Na2SO 4 

% Ash o r  Cmpd. in  M o l t  2 . 0  2 . 2 7  2 . 0  2 . 2 7  2 . 0  2 . 0  2 . 0  2 . 0  2 . 2 7  2 . 0 8  
llei~ht - Lnch~s 4 4 4 4 4 4 4 4 4 4 

Conditions 
Temp "P - initial 1735 1740 1740 1794 t740 1740 1740 1740 1640 17a5 

- a v e r a g e / 2 /  1740 1770 1750 1798 1740 1740 1761 1824 1649 1839 
- ~aximum 1760 1791 1770 1014 1750 1751 1';85 1851 1605 1870 

P r e s s u r e  - p s i a  4 4 . 9  4 4 . 7  44 .7  4 5 . 0  4 5 . 1  4 5 . 0  4 4 . 7  4 4 . 9  4 4 . 7  4 4 . 0  
Sup.  Gas V e l .  - f t / s o c  O.90 0 . 9 5  0 . 9 8  1 .0  n 0 . 9 4  1 .00  0 . 9 8  0 .96  0 . 9 4  0 . 9 6  
Run Time - min 70 25 35 35 85  90 30 20 45 25 
A i r  R a t e  - l i t e c s / m l n  2 5 . 0  2 5 . 0  2 5 . 6  25 .7  2 4 . 0  26 .5  2 5 . 9  25 .5  2 6 . 0  2 5 . 5  

Results - Product Gau 
% CO 2 - 5 mln 2.7 - 4,6 S.4 2.0 1,9 6.0 II,5 4.0 II O 

-- 35 min 1.0 1.9 ~.7 1.3 1.0 - - 1.2 - 
1.7 0.9 0.7 1.0 0.95 0.5 0.] - und 0.6 1.5 1.9 

% 02 5 rain 17 .5  - 1 7 . 0  16 .5  1 0 , 0  18.5 14 .5  L0 .5  17 .0  9 . o  
- 35 rain 10 .0  1 9 . 0  2 0 . 0  19 .0  19 .0  - -- 1 9 . 0  
- end 20 .3  19 .0  ] 9 . 0  2 0 . 0  2 0 . 0  2[J.0 18 .5  2 0 . 5  2 0 . 0  I S . 0  

C o m b u s t i o n  I taLe C o n s t a n t  0 . 7 5  2 . 0 1  ] . 3 3  1 . 4 9  0 . 4 3  0 . 3 8  2 , 0 0  3 .87  1 .16  3.L~3 
% Fixed Carbon Consumed 101 104 99 99 83 82 100 100 93 95 
Rate  - l b s  C / h r / C P  0 . 9  2 4 . 4  15.7  17 .6  5 . 1  4 .5  2 3 . 6  4 5 . 7  13 .7  4 5 . 2  

% Total Carbon - ,levolatllized 4.5 7.2 '6,0 5.8 3.0 5.4 7,2 10.9 5.5 I0.8 
- combus ted  9 6 . 2  9 6 . 3  9 3 . 0  9 3 . 2  0 0 . 1  77 .5  9 2 . 9  8 8 . 0  88 .3  0 5 . 1  
- l o f t  I l o s s  - 1 . 0  1 . 0  1G.O 1 7 . 1  - 1 . 3  6 . 2  4 . 1  

m 

/ 1 /  used  2 - 1 n ~  I . D .  I n c o n e l  r e a o t o r .  Coke c h g .  i n  N 2 a t  0 . 1  f t / s e e  8GV, .5 m tn .  d e v o l ,  p e r i o d  befo~'e s i t  i n .  

/ 2 /  A v e r a q e  t ( ~ m p e r s t u r e  i n  50~ c a r b o n  consumed p e r i o d .  

/ 3 /  R e u s e d  me' . t  from p r e v i o u s  r u n .  
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m 
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I i i .  CHEMICAL ENG!NEERING STUD!.ES.AND DEVELOPNENT 

A. ~ i . s h m e n t s  

1. ~o~bustlon E f f i c ienc7  

An analys ls  of  one of  the combustion runs (H-77) made in the 2-inch 
bench-scale apparatus has ind icated that~ on the average~ a l l  o f  the heat 
i ibera ted  by combustion could be accounted for  in terms o f  heat losses and 
sensible heat increases o f  the gas and the melt. Howeverj i t  appears as 
though the heat losses were increasing throughout the run~ and since th is  
accounts fo r  about 7 ~  of th=heat ] iberated~ heat balance checks a t  the 
beginn;ng and end o f  the run were somewhat o f f .  I t  is  q u i t e  possible that 
the magnitude o f  the heat losses ( r e l a t i v e  ¢o the heat l i be ra ted)  incurred 
on ~his Sma|i scale w i l l  make i t  impossible to determine the e f f i c i e n c y  o f  
combustion in the bench-scale u n i t .  Nevertheless, cons idera t ion  is being 
given to poss ib le methods o f  running combustion experiments w i th  3 more 
accurate and continuous measurement o f  reactor heat losses. 

2. F._.]o~,sheet _Studies 

Work has been contlnued on the preparat ion o f  a Flowsheet for  a 
hydrogen-From-coal-plant, in add l t l on j  e f f o r t s  have been begun ¢o work up 
a conceptual f iowsheet for  the product ion o f  250~000~000 SCFD o f  synthesis 
gas fror~ bitumlnous coat. 

I .  C ombust|on E f f i c iency  

As has been stated~ attempts w i l l  be made to determine whether the 
method o f  running combustion experiments can be modif ied to provide bet ter  
informat ion on the magnitude of  the heat losses incurred in a given run to 
provide a good basis fo r  heat balance ca lcu la t ions .  

2. F~lowsi~eet S.tudies 

Work w i l  I continue on the preparat ion o f  both the hydrogen and 
synthesis gas Flowsheets. 
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IV. MECHANICAL DEVELOPMENT 

A. Acco~ l iShments 

I. Envir~onmental Testina of Hiflh Temperature Material.s 

Corrosion Test #I0 wi l l  resume as soon as furnace repairs can be 
comPleted or a substitu~e furnace obtained. Repair has been hai~ed by a 
de lay in r e c e i v i n g  necessary  furnace elements from the manufacturer .  

2, Hechan ica l .Charac2er i s t i _cs  Tes t l n  q 

Furnac~ m o d i f i c a t i o n s  have been co , ,p ie t y6  and melt oed expans ion 
tes t s  w i l l  resume s h o r t l y .  

3. Me l t  C i r c u l a t i o n  

Tests on cross Flo~v contamination simi~,ar to those conducted for 
water have been completed for ethylene glycol (viscosity = 15.7 cp). Pre- 
| i n i n a r y  r e s u l t s  i n d i c a t e  a lower leve l  o f  c ross  Flow contamination iS 
obtained for the ethylene glycol where there is no l~ed aeration. However~ 
the e f f e c t  of bed a e r a t i o n  is g rea te r  and For the h ighes t  ra te  o f  a e r a t i o n  
(1.5 Feet per second s u p e r f i c i a l  v e l o c i t y )  the con tamina t ion  is a p p r o x i m a t e l y  
that obtained wlth water. A compiete presentation of this data wi l l  be ,,-~de 
in a l a t e r  r epo r t .  

Some additional work has been done on determining tme actual spli~ 
between'en4tralned gas ~nd d i sso lved  gas c a r r i e d  over  as cross f ]ow con tamina-  
t i o n ,  From t h i s  work~ wh ich  p r i m a r i l y  i nvo lved  the co~par lson o f  c ross Flow 
contamina t ion  on the two s ides  o f  the cross f l ow  model, i t  was de termined ;.hat 
For the  no bed a e r a t i o n  cases~ d isso lved  gas accounted for  75 to 95 percen t  o f  
the total cross flow contamination. I t  is obvious that soiubi l i ty  of the con- 
terminating gases in the melt wi l l  be signi f icant in determining the minimum 
leve l  of  Contaminat ion  p o s s i b l e .  A d d i t i o n a l  work ;s requ i red  in t h i s  area to 
determine Lhc level and rate of soiubi! ; ty of the contaminating gases in the 
r~el t .  

A check o f  the ~ctJ,at ~ ' : ' , , ,s  the pred ic :~-d  f l ow in the cross f l o w  model 
Confirms OUr prediction meLhod Io+ ~:~ler. in that ;.he predicted F|ow was only 
1 9 percent  h igher  than the  ~ctua l  f low.  The check 3s conducted w i t h  a s u p e r -  
f i c i a l  v e l o c i t y  o f  f i v e  f e e l  per second in  the a i r  l i f t .  
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At a Correspondin 9 ve|ocity in the nine-f~ot a i r  l i f t~  which was used 
in the development of the prediction method 3 the predicted value was about 
seven percent higher than the experimental resu]tg. But here the several 
inches necessary ~o develop the predicted two ~hase flow is a smaller per- 
centage of the total length and may exp|ain~e sma:l differences in observed 
and predicted resu|ts for the two cases. 

!. Environmental .Test~nq of  .Hiqh-Temperature Maeerials 

Corrosion Test #I0 wit1 continue as soon as furnace repairs have 
been cC~npleted. 

2. ~echa~nlcal Cha.racteris.t|cs Testinq 

Be~ e~,pans|on tests will be conducted shortly on the sodium carbonate 
melt at l ~ 0  F. 

3- Mel ~:~C| rcu 1at | on 

The data taken for  cross f low contamiaat~on usin 9 ethylene 91you] as 
the t rans fer  l i qu id  w i l l  be evaluated fur ther  fo r  e f fec t  of v i scos i t y .  O~her 
l iqu idS such as g;ycer ln  may be used i f  addi t ional  data is required. An attempt 
should be made to establish the amount and rate of ~ontaminating gas that can 
be dlSSOlve~ in the melt. Also~ a better feeling for the melt viscoslZy w i l l  
be developed from the bed expansion tests or other tes~s~ as required. 
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V. HANPUWER AND COST ESTIHATES 

F igure  3 shows the p ro jec ted  breakdown for  Phase I f o r  1966 es 
we l l  as the actual  e f f o r t  that  was made. I t  can be seen chat a 9.5 
man -e f f o r t  was made dur ing November. 

F igure  4 shows the expend i tu res  dur ing November. For the month~ 
$17~719 was expended~ not i ~c l ud i n9  fee and G & A. The t o t a l  expendi-  
tu res  through Nove~nber were $5"~j712.  Inc]udlng fee and G & A the 
t o t a l  ~ p e n d i t u r e s  were $622,5;6.  This is S ~  o f  the encumbered funas. 
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