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Use of Digestion Block and Steam Distillation Apparatus in
Modified Comprehensive Method for Nitrogen Analysis in

Fertilizer
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‘Abstract: In adapting the modified comprehensive method for fertilizer nitrogen to block digestion/steam
distillation, some forms of chromium (Cr) used in reduction step were-suspected to bound ammonium (NH,) and
not break down totally. Critical study of digestion and distillation conditions could solve the Cr-NH, complexes
and find suitable conditions for adaptation. In the digestion with block, using salt/acid ratio of 1:1 and 400 °C
block temperature resulted in rising temperature of digesting solution to 376 °C. In addition to that condition, if
the digestion continued at least 45 minutes after clearing, ammonium was released from complexes completely.
For steam distillation, it was necessary to distill 10 minutes or more to achieve full recovery of nitrogen. Based on
conditions which released all ammonium from complexes and could digest sample effectively, we recommend
to use salt/acid ratio of 1:1, digest in block at 400 °Cto clearing plus 75 minutes, and distill with steam distillation
apparatus for 10 minutes. ’

Keywords: Modified comprehensive méthoo%blqck digestion, steam distillation, digesting solution temperature
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Table 1 Various salt/acid ratios used in the experiment

K,SO, H,S0,
)} (ml)

K,S0,/H,S0,.

(g/ml)

2 4
3 4
4 4
5 4
6 4

0.5:1
0.75:1
11
1.25:1
1.5:1
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Table 2 Effects of salt/acid ratio and block temperature on digestion of (NH,),SO, 75 min. after clearing

K,SO,/ H,SO, ‘ ' % nitrogen from (NH,),S0,"
(g/ml) ~ 300°C block temp. 370°C block temp. 400 °C block temp.
Control ? | 21.10a 21.103 21.11a
051 19.30b (91:5%)" 19.58b (92.8%) 19.91b (94.3%),
0.75:1 19.88¢ (94.2%) 20.37c (96.5%) 20.94¢ (99.2%)
1:1 19.86¢ (94.1%) 20.83d (98.7%)- ~ 21.09a (99.9%)
12611 20.10d (95.3%) 21.00e (99.5%) 21.10a (100.0%)
1.5:1 20.06d (95.1%) 21.02ae (99.6%) 21.11a (100.0%)
LSD, 5 | 007 0.08 003

" mean. of 4 replications
2 (NH,),S0, was digested without pretreatment of Cr

¢ %Recovery = result x 100/control
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Table 3 Effects of time after clearing on digestion of (NH,),SO, at two different conditions

Digestion time after clearing

% nitrogen from (NH4)28Q41/

(min) 370°C, saltacid 1.5:1

400°C, salt/acid 1:1
Control # 21.10a 21.11a
10 19.17b (90.8%)" 20.48b (97.0%)
25 20.93¢ (99.2%) 20.77¢ (98.4%)
45 21.10a (100.0%) 21.11a (100.0%)
75 21.08a (99.9%) 21.07a (99.8%)
120 21.07a (99.9%) 21.05a (99.7%)

LSD

0.05

0.03

-0.06

A . .
nean of 4 replications

“ (NH,),SO, was digested without pretreatment of Cr

¥ %Recovery = result x 100/control
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Table 4 Effects of time of steam distillation on recovery of N after digestion at two different conditions.

Steam Distillation Time

% nitrogen from (NHA)ZSC);/

400°C, saltacid 1:1”

(min) - 370°C, salt/acid 1.5:1"
Control 21.17a 21.10a
5 20.58b (97.2)° 20.12b (95.3)
10 21.14a (99.9) - 21.19¢ (100.4)
15 21.15a (99.9) 21.10a (100.0)
20 21.15a (99.9) 21.12a (100.1)
LSD 0.06 0.04

/ i .
mean of 4 replications Z

’ %Recovery = result x 100/control

¥ digested 75 min after clearing

(NH,),SO, was digested without pretreatment of Cr

4/digested 45 min after clearing

Table 5 Temperature of solutions digested with varying salt/acid ratios at 300 °C block temperature

Digestion time

Temperature of solution (°C)

after clearing K,S0,/ HZSO4(g/m1)
(min) 0.5:1 0.75:1 14 1.25:1 1.5%
10 270 274 282 286 288
25 270 275 283 287 288
45 272 275 285 288 290
75 272 275 285 288 290
120 272 275 285 289 291
Mean 271 275 284 288 289
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Table 6 Temperature of solutions digested with varying salt/acid ratio at 370 °C-block temperature

Digestion time

Temperature of solution (°C)

after clearing

K,S0,/ H,S0,(g/ml)

(min) 0.5:1 0.75:1 1:1 1.25:1 1.5:1
10 331 343 348 350 357
25 337 345 349 352 358
45 337 347 350 355 359
75 338 347 350 355 359
120 338 347 351 355 . 359

Mean 336 346 353 359

350

Table 7 Temperature of solutions digested with varying salt/acid ratio at 400 °C block temperature

Temperature of solution (°C)

Digestion time

K,SO,/ H,S0,
after clearing :

(g/ml)

(min) :
0.5:1 0.75:1 1:1- 1.25:1 1.56:1
10 337 360 376 379 380
25 338 361 376 380 382
45 338 361 376 382 383
5 338 363 376 382 383
120 340 363 376 382 383
Mean 338 362 376 381 382

Qs d Ll
an1zuasnisdsuilasulidldufandasias
o o -4
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MANNNT INNTRBNANIE 19N U S Ae
' G v o o a & Y
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wnauaziinisteaasUsenouulnsiaulfinldeuld

Dusenuflonatanysnifay dnmdiuseunie
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nsUfuaeu desanniduamasiiviligrmndaes
A198aUgane 376 °1 inlkanndefou Cr- NH,”
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Table 8 Temperature of digested solutions and % recovery of nitrogen

K,SO,/ 300 °C block temperature 370 °C block temperature 400 °C block femperature
H,S0, Solution Recovery Solution Recovery Solution Recovery
(g/ml) temper’atuvre("C) (%) temperature(’C) (%) temperature("C) (%)
0.5:1 272 91.5 338 92.8 338 94.3
0.75:1 275 94.2 347 96.5 363 99.2
1:1 285 94.1 350 98.7 376 99.9
1.25:1 288 95.3 355 99.5 382 100.0
1:5:1 290 95.1 359 99.6 100.0

383

Table 9 Effect of time after clearing and solution temperature on % recovery of nitrogen

370 °C block temperature,

Digestion time

400 °C block temperature,

salt/acid 1.5:1 salt/acid 1:1
after clearing :
Solution recovery Solution recovery

(min) .
temperature(°C) (%) temperature(°C) (%)
10 357 90.8 376 97.0
25 358 99.2 376 98.4
45 359 100.0 376 100.0
75 359 99.9 376 99.8
120 359 99.9 376 99.7

a91 LANA15D19D4

Q
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