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The t e n  "hunic acid" -as f i r s t  applied i n  1 ~ 2 6  by Sprengel (9) to  that broTm 
morphous 2recipitate which is obtain& .PJ a c i d i w  the &di extract  of decayed 
orga;lic matter i? so i l .  
extractes aot  on ly  f rom.soi l  but also from peat, b rom coal, oxidized biixrdnms coal, 
a d  even from a r t i f i c i a l  materials obtained i n  the i abora tog  by action of  inorganic 
acids or  cr;i&izing agezts  on carbo&ydrattes, proteirs, and phecols. Odizl (8) in 
1922 re2slined humic acids as yeellow-brown t o  black-bro?m substances of e o - m  
constitution, forneed in nature by decoqosi t ion of organic m.teria3.s u d e r  atnos- 
2heric influence or in the laboratory by chemical action. 
hytkogeo ions and fom typica l  s a l t s  Uith strong bases 3nd u s e  are insoluble in  
water, so1EbI.e in alkali, and reprecipitated by %id. I n  general, bumic accids a.re 
not chemically urdlorm substances , but are Qdrophilic, reversible colloids with 
molecular Yieights varying ~Yon 300 t o  as high as 10,000 units. 
c v ~ y  a negative charge. me a l k a l i  solubi l i ty  of hmic  acid is due t o  carboxyl 
and phenolic hydroxyl groups vhich account f o r  about 22 gercent of the might of  
the mlecule. 

Since the inception of the tern, % m i c  acids have been 

Zmic acids can sp l i t  o f f  

,Theirmicelles 

E d c  acid i s  an e s sen t i a l  part of soil. It is this nater ia l ,  present in good 
soi l ,  that  fixes nitrogeo, d e s  available t o  the plant, tluwugh base exhange, the 
s o i l  nutrients, and inprows the physical structure of the soil .  In recent years, 
mch research has been conducted, particuLarly in Edia, Japac, C e m a n y ,  -%ssia, 
and AFrance, on replenishing "&e depleted h-c acids of soils v i t h  the so-calle& 
"regmerated h d c  aciCs" obtained by oxidation of coal. 
vHch closely resemble the natmd h M c  acids, have e i the r  been &ed direct ly  
t o  the soil or first suppleaented witin plant nutrients. 
have & o m  that these humic acid 2reparations Lzprove plant  *PELS (3), decrease 
loss of noisture from t& s o i l  (6 ) ,  a d  increase the irorkability of  the soil (2).  

'These regenerated acids, 

Greenhouse and f i e ld  tes t s  

As a convenient and comercial  saurce of humic acids, eLeensive reserves o f  
naturally-oxidized U&te occur v i th  virtu- dJ. l ign i te  outcrops in €ioiO-rth Dakota. 
This na ix rw-ox id ized  ma te r id ,  ;hi& contains up to 56 gercent h d c  acids on a 
moisture-and-ash-free basis, has been given the -e " k o n a i i t e , "  mer A. G. 
Leonard, first director  of the K o f i  Da$ota Geological Sur t -e~ ,  vho dici such of the 
ear ly  studies on these deposits (1). 
structure t o  lignite, but s ign i f i can tb  6ifferer;t in i t a  oxygen d ash contents. 
In Table 1 the u l t b a t e  W e s  of l igni te ,  l e o d i t e ,  l ign i te  oxidized with aFr 
in the laboratory a t  150" C, and h d c  acid extracted r b n  l e o d i t e  with UT ??aCB 
are  conpared. "he ash content of leonardite -mries fron mine t o  mine but is ? 1 s u a l l 3  
between 15 and 30 percent on a moisture-free basis. 

Leonardite is a c o U e  substance similar i n  



TABLE 1. - h a l y  ses of &mitic  materials, uercent 

Humic acid extracted 
Oxidized f rom leonardite 

Leonardite Lignite l i g n i t e  by UI NaJaoB 

(me) 18.7 10.0 10 -7 3 -9 
m o a e n  (-1 4 .O 5 -1 2.9 3 -4 
Carbon (mu?) 65.2 72.8 65.4 63.5 

1.3 1.2 1.4 1.3 
26.6 19.9 29 -2 3 1  .i 

sulfur- (naf 2*9 1.0 1.1 0.7 

AhlhDIWIOlJ  OF ISONARDZCE 

Nitrogen-enriched coal humic fertilizers have received much emphssis i n  the 
past few years. 
w e U  as conventional f z r t i l i z e r s  and release n i t r o z a  more slowly. 
In tschnology is t o  develop a product with sufficiently-high nitrogen content (around 
20 pct)  which w i l J .  s t i l l  remain co~snercially competitive. 

Recent investigations have Indicated that these products pprform 
The msin problem 

To determFne if leonardite could be aamxmlated t o  a product containin5 sufficient 
nitrogen for use as an organic f e r t i l i z e r ,  sanples were prepared by three different 
aethods: (1) Ammniation i n  an aqueous slurry, (2) ammoniation in  an upward n0Vl;lg 
gas s t r e a m  t h o u @  a c o l m  of dried leonardite, and (3) ammoniation under pressure 
of 2,000 psi:: a t  2o0° C. 
leonardite samples and the aaalysis of an aqueous- amnoniated humic acid axtracted 
 fro^ leonasdite appear in table 2. The increase of nitrogen content of leonardite, 
even under radical conditions, is not sufficient for it t a  be used as an or,pnic 
f e r t i l i z e r .  The nitrogen content of the amnniated humic acid incr?ased 2.5 times 
over that of the correspondingJy amrPoniated l e o i s d i t e  sample. The higher ash 
content, as w d l  as the  l5-perced nonhmic carbonaceous r s t s i a l  i n  the leonardite, 
accounts for  the decreased react ivi ty  with m o n i a .  Therefore, t o  prepare a hizh- 
nitroZen organic fzrtilizer, the humic acids would f i r s t  have to  be extracted from 
the leonardite. 

The nitrogen analyses of these variously ammoniated 

TIWLF: 2. - iiitrogen analyses of variously arnoniated samples, percent 
(bbisture-free basis)  

Method of m o n i a t i o n  
Sacrple 1 2 3 

Leonardite 
Eiunic acid 

On2 part of the mrk a t  t’Ls laboratory vas t o  find an i n q e n s i v e ,  rapid method 
for  obbtshin; from lsxm.rdite bulk quantit ies of lov-ash ;nunic acids vhich could be 
used in prepxinz a soil conditioner and hi,$-nitrogen-content organic f e r t i l i z e r .  
Ths W c  acids in leonardite are  bound to  the ash largely as insoluble calcium 
salts. Tierofore, t o  racover the h W c  acids requires not only a physical mans 
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of rem- the clay and sand, but also a chemical t r e a h n t  t o  displace the calcium 
ion. 
ubles by centrifuging the humate solution was the standard procedure f o r  obtain- 
ing low-ash humic acids (5). The a l k a l i  extraction process, however, requires 
not only fresh a lka l i  for each l o t  of humic acid prepared but also an equivalent 
amount of acid to set the humic acid free, both of which arc  used up i n  the process. 
The large wlunes of water, vhich mst be used t o  obtain a low-ash produd, plus 
the  unfil terable nature of the dllrdLi hwnate solution and acid-precipitated humic 
acid, makc the alkali  extraction of humic acids anattractive. 
e l t i n g  dkaU extraction as the method of preparing low-ash humic acids was 
approached b;r two different  routes: 
from the leonardite, leavLng a carbonaceous product containing around 85 percent 
humic acid, and (2) extracting the humic acid from the leonardite with a n  organic 
solvent tha t  could be reclaimed f o r  further extractions. 

In the  past, durall extraction of the humic acids with removal of  the fnaol- 

The problem of 

(1) Removing the  ash l?hysicaUy and chemicaUy 

Float-Sink Process. 
used in our experiments. 
separatory funnel containing CC1 
the  humic acids was transferred %o a f i l t e r ,  and the El4 was removed. The product 
w a s  washed f i r s t  with a d i lu te  H SO4 solution, then wi th  warn water. 
this experiment appear in table  3. 
absorption of the solution on the  carbonaceous material caused the latter t o  s h ,  
resul t ing i n  a l o w  yield of humic material. 

Figure 1 schematically represents the process that was 
Partially-dried, pulverized leonardite w a s  added t o  a 

as the  dense medium. The f l o a t  f ract ion containing 

The results of 
A ZnCl, solution w a s  t r i ed  i n  place of C C 1  , but 

TG3IE 3. - An examination of the float-sink process, misture-free basis, 
resul ts  given 53 perceat 

Feed 
Ash 
- Product 

Yield Ash h n i c  Acid 

17.7 73-1 3.5 89.0 1.1.4 56.8 

Note - Hot included i n  data is  loss of  water-soluble material. 

Flotation Process. Ime f lo ta t ion  process for ash separation is schematically 
depicted i n  fi6gxe 2. 
f lo ta t ion  cell, which contained a lignite-tar creosote fraction as a frothing agent. 
The froth vas collected on a f i l t e r ,  and the f i l t e r  cake was washed with di lute  
H2S0,, followed by w a r m  vater.  Results of a typical  experiment i n  this process 
a2pea.r in table 4. 

The as-received, pulverized leonardite w a s  added to  the 

TABU3 4. - Analyrs is of the f lo ta t ion  process, percent 

Feed Troduct 
:,bisturc L S ~  :bisture Asin (m-) Yield (nf.fl 

9.5 18.2 6.0 u * 3  13.6 

san ic -So lven t  W r a c t i o n  ,%cess. The use of  an organic solvent f o r  
extraction of humic acids Tiould 5e m s t  at t ract ive if the solvcnt could be reclaiined 
by d is t i l l a t ion  and reused without reaction with or being absorbed on the humic 
acids. 
solvent mixtures regarding t h e i r  a b i l i t y  t o  dis2erse hu3lic acids from n i t r i c  acid- 
oxidized bituninous coal. They concluded that the nost economical. an& nost easi& 
handled solwnt f o r  the commercial extraction of humic acids is a aixturc of  

P o w 4  and -cy (7) d e  an extensive s m y  of organic solvents and 
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acetone and water. 
extract humic acids from leonardite pravided the  leonardite m s  pretreated with 
d i l u t e  mineral acid. The m t  of humic acids extractable ras di rec t ly  proportional 
t o  the amount of nineral acid used in t h e  pretreatment. 
experiments conducted revealed that the most eff ic ient  Pjctraction was accowlished 
using one liter of 80-20 acetone-water (percent by voiune) and 10 grams of XCl 
(basis: hydrogen chloride) per 100 gram of leonardite (n?oisture--Pree). Ten ge3s 
of H C 1  per 100 gram of leonardite is s l igh t ly  in excess or the  acid t h a t  -dll be 
necessary t o  replace the  calcium ion v i t h  hydrogen ions Fn an average leonardite 
sarple. Sulfuric acid was t r i e d  in place of H C l  as the  source for  the  d isp lackg  
H-ions, but t h e  resulting C&%S, mixed Kith t h e  hunic acids, resulted Fn an un- 
f u t e r a b l e  product with a high ash  content.. In t h e  f i r s t  experiments, the node 
of extraction was a countercurrent column. An acetme-water-HCl pretreated leonard- 
i t e  slurry wa8 added t o  the  top of the c o l m  w h i l e  a solution of acetone-water 
was forced slowly uppward through the slurry. The yields of humic acids were g o d ,  
but the  ash content of the product IEIS high, indicating some carryover of ash. 
Iater expcdments shared t h a t  sedimentation of ash and nonhumic carbonaceous m- 
terial In an acetone-water-HCl solution is qui te  rapid; thus a simple se t t l ing  tank 
replaced the countercurrent column in the process. A flow dia~m of the process 
eppears in figure 3. 

Fovkes and Frost (4) showed that an acetone-water solution would 

The several preliminary 

The resul ts  of t h e  experiments appear in tab le  5. 

TABLE 5. -And.?? sis of the  acetone-water-HC1 extraction of 
hunic acid from leonardite, noisture-free basis, 

percent 

Feed Product Tailinas 
Ash) Yield (d) ash [mf)  iTa0d-soluble bf) Yield (DLO) Ash (iafl 

17 -8 a.9 1.8 8 . 8  31 e 1  38.2 
63.5 
3 -8 

Slenentd  ( T i  1.0 
(maf) ( S  0 -7 

( 0  31.0 
IIote - lid included in data is loss of water- and acid-soluble catwid 

DISCLGSIOE 

A comparison of the three processes investigated reveals t h e  drawbacks of the  
float-sink and the f lotat ion processes. The float-sink separation requirzs a non- 
polar  nediun, carbon tetrachloride, which is absorbed t o  some extent on the  leonardite. 
The use of C C L ,  plus the fac t  tha t  the leonardite must be partially dried before  
separation, d e s  this process unattractive comercially.  
not produce the desired resul ts .  
by the  large nunber of carboxyl and h y d r o q l  groups on the  raicelle's periphery, the 
y i d d s  of hunic acids w e r e  l ow and t h e i r  ash contents high. 
the leonardite Kith a l ight  neutral fraction of coal tar to incresae its m o p h o -  
b ic i ty  failed.  Changing the frothing agents several t ines  dlso gave poor results. 
The acetone-water-EC1 extraction of humic acids lends itself nost favorably t o  a 
c o m e r c i a  process. The yield of low-ash product i s  high. 
recovered by d is t i l l a t ion  at a l o w  tenperatme, and the  loss  is very snail. 
does not react Kith, nor is it absorbed on, t h e  U c  acids. 

The f lo ta t ion  process a d  
OwLng t o  the  l o w  hydrophobicity of leonerdite, caused 

Attempts t o  precondition 

The acztone is a . s L l ~  
Acetone 

The process requires 
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sinple equipent ( a  sedimentation setup works W t e  well), and the insolubles 
s e t t l e  rapidly, 
asd a minimum amount of trash water  is needed to  obtain a low-ash pmduct. 

The humic acids are easi ly  filtered once toe acetone is nmved, 
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