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Laboratory scale experiments were carried out to improve phosphate availability and 
other properties of basic slag. Excessive water washing and treatment with carbon 
dioxide slightly improved availability, while treatment with hydrochloric acid gave an 
80y0 conversion to citrate-soluble Pz05.  On this basis, a new process was developed 
for the loroduction of a fertilizer containing 23 or 26% available P 2 0 5  from basic slag 
Containing 1 5% citric acid-soluble PaOj, by-product hydrochloric acid, and rock phos- 
phate. The process involves the attack of rock phosphate by hydrochloric acid, neu- 
tralization of the resulting solution with basic slag, and precipitating, washing, and dry- 
ing of the fertilizer. 

HE AIM OF THIS INVESTIGATIOS \Vas 
T t o  study the properties of basic slag 
produced in Egyptian steel works and to 
improve these properties. especially with 
regard to high pH and phosphate avail- 
ability. Soil in tE.e L-nited Arab Re- 
public is somewhat alkaline (pH 7.5 to 
8.5) and thus wat8-r-soluble or citrate- 
soluble phosphatic fertilizers are recom- 
mended. Phosphates in basic slag are 
mostly citric acid-iioluble and are asso- 
ciated \vith considerable free lime. 

Studies on a laboratory scale showed 
that hydrochloric acid, a by-product of 
our soda works, can be used to convert 
citric acid-soluble P?Oj into citrate- 
soluble PaOs. The authors were already 
preparing dicalciuin phosphate from 
rock phosphate and hydrochloric acid. 
Through amalgamation, a fertilizer con- 
taining 23 or 26% citrate-soluble P205 

could be prepared, which combines the 
advantages of dical.cium phosphate and 
improved slag. 

Slag Improvement Experimenfs 

These experiments were started on a 
sample representing the output of the 
Helwan Steelworks Its important con- 
stituents are listed i n  Table I .  

In spite of the free CaO and the 
alkalinity, the product contains a certain 

Table I. Constituents of Sample 

Constituents 

Pa05 soluble in ammonium 
citrate 

P?Oj soluble in citric acid 
Total P2Oi 
Calcium oxide total 
Fez03 + A l y 0 3  
Free CaO 
Insoluble matter 
yo passing 100-mesh screen 
c2 passing 200-mesh screen 

Per Cent 
in Sample 

4 . 5 9  
15 .15  
1 8 . 1 1  
4 5 . 2 0  
2 0 , 4 0  

4 . 5 0  
8 . 0 0  

87 
76 

amount of citrate-soluble PzOj. The 
authors decided first to remove the 
alkalinity to reduce the CaO, P?Os ratio 
and to study the effect of this upon the 
citrate solubility of the product. In 
this connection. experiments were car- 
ried out on leaching with ivater. treat- 
ment jvith carbon dioxide, and treatment 
xvith hydrochloric acid. All PyOj deter- 
minations lvere carried out according to 
the method cited in ( 7 ) .  

Water Leaching. Each treatment 
involved mixing 50 grams of slag with 
200 ml. of water for 30 minutes with a 
mechanical stirrer. The wash water 
was decanted: another 200 ml. added, 
and stirring repeated. Each time the 
wash water was tested with phenol- 
phthalein for the presence of calcium 
hydroxide. Alkalinity was still present 
after 20 washings. This fact may throw 
a light on the hydrolytic decomposi- 
tion of complex tetracalcium phos- 
phate and other calcium compounds 
which are said to be present in the slag 
(3 ) .  After the desired number of wash- 
ings, the sample was filtered and the 
washed material dried, weighed, and 
analyzed (Table 11). 

There was a slight rise in the citrate- 
soluble P?Os content tvith an increase in 
the number of washings. A maximum 
percentage of 6.19 and a maximum con- 
version of 33.5y0 were reached with no 
further improvement with excessive 
washing. 

Carbon Dioxide Treatment. Treat- 
ment ivith CO?. dry and in the presence 
of \vater. gave less improvement in citrate 
solubility than ivater tvashing. After 6 
hours of bubbling gas through the mix- 
ture of lvater and slag. the weight of the 
product had increased slightly, with a 
citrate-soluble content of .5.447,, total 
P 2 0 6  content of 1?.47%, and 31.1% 
conversion. 

Hydrochloric Acid Treatment. Each 
run involved treatment of 50 grams of 
slag with 100 ml. of water and the de- 
sired amount of hydrochloric acid- 
sp. gr. 1.146 at 20' C. The mixture 
was well stirred and filtered, and the 
residue washed twice with water. dried, 
weighed. and prepared for analysis. 
The results of acid treatment are found 
in Table 111. 

The percentage of citrate-soluble Pa05 
increased and a conversion value of about 
80% could be reached by this treatment. 
These encouraging results led to the use 
of slag instead of lime to neutralize phos- 
phoric acid. 

Preparation of Fertilizer 
The preparation of fertilizer started 

with the usual steps involved in the 
preparation of dicalcium phosphate (2, 
4) .  These steps may be summarized as 
follo\vs : 

Treatment of rock phosphate with 
hydrochloric acid to obtain a solution of 
phosphoric acid. 

Table II. Results of Water Washing 
Citrafe- 

Number of Weight o f  Soluble 

0 50 4 . 5 9  
3 49 .15  5 . 3 0  
6 48 .18  5 . 5 8  
9 4 7 . 4  6 . 1 9  

12 47 .52  6 . 1 6  
15 4 1 . 4  6 . 1 9  

Washings Product, Grams PZOS, % 
Conversion, rotoi 

18 11 25 3 
18 21 29 1 
18 42 30 3 
18 50 33 3 
18 40 33 3 
18 47 33 3 

P?Ob % % 
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Table 111. Results of Acid Treatment 
Cifrate- 

Sample HCI Acid, Weight o f  Soluble rotai Conversion, 

1 . . .  50 4 . 5 9  1 8 . 1 1  2 5 . 3  
Number MI. Product, Grams p206, % P 2 0 6 ,  % % 

6 25 43 .69  16 .27  20 .19  8 0 . 6  
30 42 .12  1 6 . 7 2  20 .11  8 3 . 1  - 

Table IV. Rock Phosphate Analysis 

Ingredients 

Moisture 
Total P ? 0 6  

Per Cent 
in Sample 

1 . 9  
2 8 , 9 5  

Tricalcium phosphate 63 .22  
Calcium carbonate 12 59 
Insoluble material 
Fez08 + X1203  
Cas04 
c1 
CaF? 

8 60 
2 . 9 1  
1 . 8 6  
0 . 3 5  
3 .10  

Fineness through KO. 100-mesh sieve 91.5$ 

Filtration of this solution and neutral- 
ization with lime or limestone until 
dicalcium phosphate precipitates. 

Filtration, Lvashing. and drying of the 
product. 

Dicalcium phosphate. which issuperior 
to basic slag in availability as a fertilizer. 
is very light and accordingly difficult to 
handle. -4nother important disadvan- 
tage is  the absence of the group of trace 
elements present in the slag. 

Therefore, slag was used instead of 
lime to neutralize the phosphoric acid 
solution. to use the lime present in 
the slag. and to obtain a mixture of 

improved slag and dicalcium phosphate. 
As a first step, conditions of the reac- 

tion between ground phosphate and hy- 
drochloric acid \rere studied-namely. 
dilution, temperature, and time of reac- 
tion. This study, on a laboratory scale, 
was essential to obtain good bases for the 
design of a pilot plant and find the best 
conditions to give the highest quality 
sample. The sample of rock phosphate 
used was obtained from the mines at 
Sibaiya; i ts  analysis is given in Table 
IV. 

The procedure for the preparation of 
a sample of fertilizer involved the treat- 
ment of a fixed \<eight of phosphate, 
lvith the desired amount of water and 
hydrochloric acid, digestion, dilution 
again: and neutralization with slag to 
the dicalcium phosphate stage. 

The product was filtered, Ivashed. 
dried at  105' C., weighed, and sampled. 
In each sample, the citrate-soluble and 
total PnOs were determined. 

According to this procedure, the resi- 
due after digestion is retained in the final 
product lvhich contains 22 to 237, 
citrate-soluble P205. The solution \vas 
filtered after digestion, and the procedure 
completed by neutralization \vith slag ; 
the authors obtained a product contain- 

ing 26y0 citrate-soluble P20s .  'The 
results of study of the factors affecting 
the quality of fertilizer are found in 
Table V. 

Concerning acid dilution, the ratio 1 
to 1 by volume was suitable for digestion. 
Boiling temperature of digestion was 
necessary. and 0.5 or 1 minute of boiling 
gave results near those obtained by 15  
minutes of boiling. The digestion, car- 
ried out at 75' to 80" C. for 1 hour 
(sample 6): gave a sample ~ui th  less con- 
version than the others. 

With increase in the quantity of acid 
used, more slag \vi11 be required for 
neutralization and a product ivith less 
citrate-soluble P z O ~  will be obtained. 
This is shown in Table V (samples 11. 
12: and 13), where sample 12 is best in 
percentage of citrate-soluble P?Os and 
conversion. The low conversion in sam- 
ple 11 is due to less digestion of rock 
phosphate, rvhile in sample 13, it is due 
to the application of more slag. Samplt 
14 is obtained by filtering the solution 
after digestion; less fertilizer is ob- 
tained, 146 instead of 165 to 170 grams, 
containing 26.6% citrate-soluble P 2 0 j .  

Results 

In the light of the results of laborator) 
studies, the authors conclude that a 
higher efficiency phosphatic fertilizer can 
be obtained from basic slag by the 
application of by-product hvdrochloric 
acid and rock phosphate. 

The fertilizer has a more acceptable 
color for farmers, higher efficiency, and 
improved availability, which I\ ill save 
transport costs and suitability to the 
alkaline soil of the United Arab Republic 
(the alkalinitv being removed). and it 
can be mixed \\ irh organic fertilizers. 
farmvard manure, and ammonium salts 
\\ith no danger of the loss of nitrogen. 

Table V. Treatment of 100 Grams of Phosphate with Hydrochloric Acid (Sp. Gr. 1.151 at 20" C.) 
Citrate- 

Sample Digestiona Slog Used, Product, Soluble Total 
Number Acid, MI.  Water ,  MI. Time, Minutes Grams Grams p205, % p205, % Conversion, '% 

Effect of Acid Dilution 
1 140 70 0 . 5  98 168 21 .96  
2 140 105 0 . 5  98 168 2 2 . 1 4  
3 140 140 0 . 5  98 168 22 .64  
4 140 173 0 . 5  99 176 21 .62  
3 140 210 0 . 5  99 176 21 .06  

Effect of Temperature and Time of Digestion 
6 140 140 60 9 9  168 20 .91  
7 140 140 1 98 165 22 .64  
8 140 140 5 98 166 23 .0  
9 140 140 10 98  170 23 .16  

10 140 140 15 98 160 22 .23  
Effect of Quantity of Acid 

28 .56  7 7 . 0  
28 .62  7 7 . 4  
28 .52  7 9 . 4  
28 .42  7 6 . 1  
28 .16  7 4 . 8  

27 .40  7 6 . 3  
28 .34  7 9 . 9  
28 .70  8 0 . 1  
29 .06  7 9 . 7  
28 .02  7 9 . 3  

70 150 2 2 , 5 0  2 9 . 0  7 7 . 6  
98 170 23 .16  2 9 , 0 6  7 9 . 7  

120 188 21 .26  2 7 , 6 6  7 7 . 0  
Filtration after Digestion 

14 140 140 3 98 146 26 .64  31 .52  8 4 . 5  
a Digestion of samples \vas at boiling temperature, except sample 6, at 75' to 80' C. 
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PROCESSING CHANGES 

Xanthophyll and Carotene Stability 
during Alfalfa Dehydration 

A. 1. LIVINGSTON, R. E. KNOWLES, 
M. ISRAELSEN,' J. W. NELSON, 
A. C. MOTTOLA, and G. 0. KOHLER 
Western Regional Research Labora- 
tory, Western Utilization Research 
and Development Division, U. S. 
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The xanthophyll content of dehydrated alfalfa meal was greatly reduced as the outlet 
tempercrture was increased and the moisture content of the meal decreased. Although 
total carotene was relatively unaffected by temperature of dehydration or moisture of 
meal, the beta-carotene isomers increased with the higher outlet temperature and lower 
moisture levels. 

REVIOUS STUDES have sho\vn the P xanthophyll, carotene, and fat-sol- 
uble vitamins of dehpdrated alfalfa to be 
subject to oxidation losses during storage 
(6 ,  8. 7 7 ,  75-77). Treatment of the 
alfalfa meal Lvith antioxidants and oils 
or storage at  a 1o\v temperature or 
under an inert atmosphere has eliminated 
much of these losses (.I. .5. 7. 70. 72, 73). 
Ho\\-ever. both xanthophyll and beta- 
carotene form stereoisomers during de- 
hydration (2. 3. 7.1) icith a resulting loss 
of the provitamin i\ activity of the beta- 
carotene as \cell as possible loss of the 
pigmenting potency of the xanthophyll. 
Since dehydrated alfalfa is used in 
poultry rations primarily as a source of 
xanthophyll pigmenters and fat soluble 
vitamins (carotene: vitamin E: and 
vitamin KI. the prevention of isomer 
formation is desirable. Furthermore. 
high temperatures during dehydration 
may not only enhance isomerization but 
could also cause oximdative and destructive 
losses of these labile compounds. 

'I'he present study presents data ob- 
tained ivith a pilot scale alfalfa dehy- 
drator. showing the temperature effect. 
during dehydration. upon the carotene 
and xanthophyll content of the alfalfa 
meal. This information is correlated 
\vith the moisture content of the alfalfa 
meal and the extent of beta-carotene 
isomerization. 

Materials and Meithods 

A pilot scale Arnold alfalfa dehydrator 
\vas employed at  the site of an industrial 
plant so as to utilize the fresh plant 

Present address, Forskaingsinstituttet 
for Handels-o< Industriplanter, Holber- 
gavej 10, Kolding, Denmark. 

material being commercially dehydrated. 
The input temperature of the pilot de- 
hydrator \cas regulated by controlling 
gas flow to the burner. The stack gas 
or outlet temperature \vas regulated by 
controlling the feed rate of fresh alfalfa 
to the dehydrator. 

Samples of the fresh plant material 
were collected as it passed from the 
loading platform onto the dehydrator 
elevator. An average fresh sample icas 
obtained by collecting three samples a t  
5-minute intervals. Then, after allowing 
ample retention time, t\vo resultant 
dehydrated samples \\-ere collected (after 
grinding in a hammer mill) a t  5-minute 
intervals. 

The fresh plant material \vas thor- 
oughly and rapidly chopped in a Hobart 
food chopper. The samples \\-ere placed 
in sealed plastic bags and aliquots taken 
for analyses and moisture determination 
icithin 10 minutes follo\\.ing chopping. 
Moisture of the fresh and dried alfalfa 

the stereoisomers of beta-carotene. Total 
apparent carotene and xanthophyll of 
the fresh and dehydrated alfalfa were 
determined by the procedure of Kohler, 
Knowles, and Livingston ( 9 ) .  xvhich 
consists of treating the extract Ivith alkali 
to saponif!. the chlorophyll prior to 
chromatography and eluting the xan- 
thophyll fraction from the chromato- 
graphic column i\ith a mixture of 
Skellysolve B-acetone-methanol (85 : 
10:s). The xanthophyll mixture eluted 
contains cryptoxanthin, lutein. zeaxan- 
thin. violaxanthin. and neoxanthin. and 
their main isomers. 

Yello\v pigments remaining on the 
column after elution of the xanthophyll 
pigments \cere eluted \vith a mixture of 
Skellysolve B-acetone-methanol (80 :10 :- 
10). This more polar fraction is re- 
ferred to as "polyoxy" carotenoids and 
consists largely of oxidation products of 
naturally occurring carolenoids. 

Results and Discussion \cas determined by drying in a forced 
draft oven at 110' C. for 24 hours. 
Carotene and xanthophJ-11 were ex- 
tracted by mixing 50 grams of fresh 
alfalfa in a \ ' h i s  high speed electric 
blender for one minute Xcith 175 ml. of 
acetone. The extract \\-as filtered and 
the residue \cashed with 50 ml. of acetone 
and re-extracted by blending Jvith 
125 ml. of acetone. The combined ex- 
tract was made to volume (500 ml.) 
and used for determining both the ratio 
of beta-carotene isomers and the total 
carotene and xanthophyll content. Ex- 
tracts of the deh>-drated alfalfa meal \cere 
prepared by soaking 2-gram portions 
overnight at room temperature with 
30 ml. of Skellysolve B-acetone ( 7 : 3 ) ,  

The method of Bickoff and Thompson 
(3 )  \\-as used to separate and determine 

As she\\ n in Table I .  the total carotene 
\cas relatively constant during dehy- 
dration. In only one instance \vas there 
an appreciable loss (inlet temperature 
1200' F., outlet temperature 320' F,) ,  
and this may have been due to the 
variability of the carotene content of the 
fresh plant material. 

The carotene and xanthophyll content 
of the fresh alfalfa varied from day to 
day and also varied during any particular 
day. HoTvever: the ratio of the beta- 
carotene isomers in fresh alfalfa \vas 
constant; neo-B. 7 7 ,  all trans, 847,; 
neo-U? 9yc. The formation of cis 
isomers of beta-carotene during de- 
hydration is apparently a function of the 
outlet temperature and the moisture 
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