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Continuous Metering and Feeding Technology in Nitroguanidine Spray Drying Process
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Technology (Jiangsu Nanjing, 210094 )

[ABSTRACT] To ensure continuous, safe, uniform and stable metering and feeding of nitroguanidine (NQ) in the
spray drying process, experimental study on online measurement of concentration, flow and dry volume of NQ spray drying
feeding system was carried out. The spectra of NQ slurry and pure NQ with different concentrations were collected, and the
optimization effect of different pretreatment methods was compared. Partial least square (PLS) was used to develop the
feeding concentration model based on specific spectral intervals, and repeatability of the developed model was validated.
First-derivative add standard normal variate transformation was selected to preprocess the raw spectra, and the wavebands
over the ranges from 6 857 cm ™' t0 6 426 ¢cm ™' and 5 119 ¢cm ™' to 4 257 ¢m ™' were used to constrict the quantitative model
of NQ feeding concentration. Determination coefficient of correction and prediction ( R> and Ri) of the developed model are
0.992 7 and 0.987 0, respectively. Root mean square error of corrected and predicted ( Ry and Rygp) of the developed
model are 0.256 and 0. 340, respectively. The established calibration model was externally verified, and average deviation
of the detected concentration was 0.21% . The influence of different pipe pressures on the flow test results of the straight
pipe type mass flowmeter was studied, and the optimal range of feed pressure was determined. When the pipeline pressure
is within 0.40-0.45 MPa, the flow measurement error is less than 0.50% , which meets the detection requirements of the
mass flowmeter. At 0.40 MPa, the flow measurement error is the minimum, 0.37% . Measuring accuracy of NQ spray dr-
ying online continuous metering feeding system under different concentrations and working hours was studied. Dry metering
error of this system under 6 groups of different concentrations and 10 different working hours is no more than 1.00% , which
shows that the system can stably and reliably realize NQ online continuous dry metering.
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Fig. 1 NQ continuous metering spray drying process
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Tab.1 Online testing instruments for NQ feeding
concentration
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Tab.2 Feeding concentration of NQ slurry samples
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W nin w

A B /% /% /%
EIESE 80 15.00 25.00 20.00
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Fig.2 Raw NIR spectrum of NQ slurry samples
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Fig.3 Raw NIR spectrum of NQ and NQ slurry
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Tab.3 Performance comparison of the model
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Tab.4  PLS model results of NQ samples

under different preprocessing methods % 1E A5 #1 TR A 8
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Tab.5 Test results of NQ feeding concentration by
NIR spectroscopy

%
B AL )
(EIE IR/ —— —— AT 22
NIR FEGE

1* 15.19 15.43 0.32
2f 15.67 15.82 0.20
3" 16.18 16.08 0.17
4* 16.56 16.51 0.17
5" 17.14 17.27 0.21
6" 17.69 18.02 0.32
7* 18.15 18.35 0.22
8" 18.68 18.74 0.15
9* 19.13 19.10 0.12
10* 19. 67 19. 86 0.16
1 20. 05 20.04 0.27
12* 20.57 20.59 0.29
13* 21.05 21.00 0.33
14" 21.54 21.42 0.37
15" 22.17 21.74 0.11
16* 22.67 22.70 0.13
17" 23.06 23.18 0.14
18" 23.48 23.14 0.13
19* 24.22 24.12 0.18
20" 24.63 24.62 0.26
A 19.88 19. 89 0.21
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Tab. 6

Instruments for online detection of NQ

feeding flow
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Fig.5 Structure diagram of straight pipe type mass flowmeter
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Tab.7 Test results of NQ slurry flow under different

pipe pressures

Sk HH1/ i%/ﬁi%]/ ?ﬂﬂ%?ﬁ%{ AHXT IR 2/
MPa (kg min') (kg-min™") %

1" 0.10 8.58 8.21 4.31

2 0.15 9.80 9.42 3.88

3*0.20 10. 69 11.03 3.18

4 0.25 11.54 11.29 2.17

5 0.30 12.46 12.65 1.52

6" 0.35 12.85 12.93 0.62

7" 0.40 13.69 13.74 0.37

8 0.45 15.48 15. 41 0.45
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Tab. 8

slurry with different feeding concentrations

it NQ ikt AR Th SR ko)

Dry mass measurement results of NQ

w DR % kg /kg R2E/ %
1" 20 77.97 78. 40 0.55
2* 21 77.88 78.40 0. 66
3* 22 78.73 78.40 0.42
4* 23 78.02 78.40 0.48
5" 24 78.85 78. 40 0.57
6* 25 78.83 78.40 0.55

FEUE NQ W55 T 4 i - okl R G fE
T B A HERG 2, FREX 200 kg B9 NQ JRHF
B BCE TR N 22% B NQ SR T S
JEJ17E0.40~0. 45 MPa SB[, 43 10 MR T
R, ARG BRI BE U TR RSN
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NQ 7 7K 43 £, RIAT A5 AR R ALK ¢ B ] Bt
R NQ 1 SEPR T o 4 00 € 19 NQ it 5 S FR
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9,

A9 FRBEENQ AN FEHELR
Tab.9 Dry mass measurement results of NQ slurry in

different time periods

WP B AT, bR TR daxbiR2Es AHXTRZES

min ke ke kg %

10 16.45 16.56 ~0.11 0.66
20 31.97 32.13 -0.16 0.50
30 49.38 49.03 +0.35 0.71
40 64. 80 65.26 -0.46 0.70
50 82.27 81.73 +0.54 0.66
60 98.67 98. 14 +0.53 0.54
90 148.97 149.78 -0.81 0.54
120 199.46 198.92 +0.54 0.27
150 247.36 246.25 +1.11 0.45
180 298.11 296. 84 +1.27 0.43
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