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Study on spray drying technology of Fengke Granule based on QbD concept
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Abstract: Objective To establish and validate the design space of spray drying process of Fengke Granule using the concept of
quality by design (QbD). Methods Using Fengke Granule formula to extract the concentrated solution as model drug, the risk
assessment and Plackeet-Burmann design on influence factors of screening, to determine the liquid inlet velocity and pressure of
atomization is the critical process parameters. Then, the central composite design was used to optimize the key parameters and
establish the process design space. Finally, four experimental points were selected to test the predictive power of the model. Results
Analysis of variance results showed that regression model P values were less than 0.01, which showed that the model had a good
prediction, and the optimal range of key parameters of inlet velocity was determined and pressure of atomization were 11%—14% and
41.3—45.0 mmHg, the process parameters in this range could meet the target requirements. Conclusion The design space of spray
drying process is established based on QbD, which could improve the flexibility and stability of spray drying process, and provide
reference for the pilot study in the future.
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Fig.1 Diagram of spray drying process
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Table 1 Categorical rankings of failure modes for severity
(S), possibility (P), and detection (D) of parameters
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Table 2 FMEA method applied to conduction of risk assessment of spray drying process parameters
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Table 3 Experimental results of PBD

RS Al(gem™) B/°C c/c D/mmHg E/% F/% MI% GKE/%  OD1H
1 1.08 (1) 55 (+1) 170 (+1) 45 (+1) 80 (1) 30 (+1) 58.38 3.45 0.413

2 1.08 (1) 25(-1) 120 (-1) 35(-1) 80 (1) 10 (-1) 70.96 3.33 0.681

3 1.08 (-1) 55 (+1) 170 (+1) 35(-1) 100 (+1) 10 (-1) 65.52 3.10 0.882

4 1.15 (+1) 55 (+1) 170 (+1) 35(-1 100 (+1) 30 (+1) 27.70 3.42 0.000

5 1.15 (+1) 25(-1) 120 (-1) 35(-1) 100 (+1) 30 (+1) 37.32 3.58 0.000

6 1.08 (-1) 25(-1) 170 (+1) 45 (+1) 100 (+1) 10 (-1) 68.76 3.04 0.974

7 1.15 (+1) 25 (-1) 170 (+1) 35(-1 80 (-1) 10 (-1) 47.26 3.12 0.621

8 1.08 (-1) 55 (+1) 120 (-1) 35(-1) 80 (1) 30 (+1) 30.02 3.47 0.105

9 1.15 (+1) 55(+1) 120 (-1) 45 (+1) 100 (+1) 10 (-1) 62.92 3.18 0.777

10 1.15 (+1) 55(+1) 120 (-1) 45 (+1) 80 (1) 10 (-1) 62.72 3.20 0.755

11 1.08 (-1) 25(-1) 120 (-1) 45 (+1) 100 (+1) 30 (+1) 58.36 3.39 0.499
12 1.15 (+1) 25(-1) 170 (+1) 45 (+1) 80 (-1) 30 (+1) 60.64 3.34 0.582

1 mmHg=133.322 Pa

#*4 PBD LEMHZESTLER

Table 4 Variance analysis results of PBD experiment

&5 CCDXERITELER (a=1.414)
Table 5 Experimental results of CCD (o = 1.414)

FIR HEE &8 F M RIEFiM FE PE LS Xy/mmHg  Xo/%  M% FKE/% OD1E
i 6 1.147 1.146 12.52 0.007 1 47.07 (+a) 20.00(0) 62.14 3.3 0.742
A 1 0.056 0.057 3.65 0.114 2 40.00(0) 20.00(0) 6350 335  0.687
B 1 0.015 0.015 1.00 0.363 3 40.00(0) 20.00(0) 5276 337  0.575
C 1 0.034 0.036 233 0.187 4 3500(-1) 30.00(1) 2440 390  0.000
D 1 0.244 0244 1597 0.010 5 4500(1) 10.00(-1) 7148  3.04 0934
E 1 0.000 0.000 0  0.962 6 40.00(0) 34.14(+a) 3134 393  0.000
F 1 0.796 0.796  52.16 0.001 7 4500(1) 30.00(1) 6348 356  0.549
REIRE S 0.076 0.076 8  40.00(0) 20.00(0) 5740 329  0.663
&it 11 1.223 9 32.93(-) 20.00(0) 5990 344  0.602
10 35.00(-1) 10.00(-1) 6636 328  0.754
ARISRPEN S5A0E (X)) AIEERBEE (X)) X OD 11 40.00(0) 20.00(0) 5096 356  0.452
P52 KR4 PBD 4528, 2o 4 NMAZR AL, 12 40.00(0) 5.86(-a) 70.86 291  0.993
MR A 7= 48 00 e BERURL AR X 255 B 1,08 Y0k} 13 40.00(0) 20.00(0) 5512 348  0.537
25 C. HEXIRE 150 C. JE4E S 80%. fEBh
Design Expert 8.0 #1556, 25 R« S. Xy HIHE K/

HZ 5 (%, FIF SPSS 20.0 #4F AT 4 At
HAMEMEKERN T EZSTR, WK 6. HTE
APTEERATIL, P AT 0.01, FEH 2 ANEIHT
BEAREE N, BARGHIEE,

FHE 7 T X, A X XA R A KB
M (P<0.D). fHRZFFEE X, B3GR,
N X BK, WRARIK SR RAS B T 1 5t B B E T 155
b, SRR RIS K E T X AL
X 15K 2 S A RN BE s K, K EbEE

FIF Design Expert 8.0 #f4, i3 5 $dfi 7
X, 5 X, (AR, 5% T 28 2 1 Ak A il
B2 MHE HAR (9B EN 60%~90%, FKEHN
2.5%~3.5%), HTERHNE S BSE 2 [AfE7E
—SEZESE, B LA A L R AR e R
N RSB A A S A e v, ARSI BT A
(]I, AHIE FEaE I I EAE K124 0.05 () ELAS X TH],
P A — 2B, S s ) P HER
45540 Overlay plot JE7R, LK 2, st EfrElh
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Table 6 Variance analysis of regression equation
- A% kRt
. TOMXRM T ¥1J5 F i P1H XA FMm ¥Ji FE P1H
EIPE] 2 R=0.841 1681.009 840.505 12.059 0.002163 R=0.956 0.930 0.465 53.251 0.000 005
W 10 696.967  69.697 0.087  0.009
I58a 12 2371.976 1.017
*71 EEFAFERE
Table 7 Coefficient of regression equation
. i fki
" ebrE B brEiRZE ARER¥ o PE RN BERE BERE E PHE
WA 35.221 24.451 1.440 0.180 3.642 0.274 13.309 0.000
D 1.184 0.590 0.343 2.006 0.073 —0.022 0.007 —0.307 -3.319 0.008
F —1.323 0.295 -0.767 —4.483 0.001 0.032 0.003 0.905 9.772  0.000
17 #8 ITZTHFIIIESLIEER
161 / Table 8 Process variables and experimental results of
i validation
51 A e , D/ K% %
=) Etoas) F/% - — - -
Z |5l mmHg TME  SEE BOME Sz
B i 1 47.07 20.00 3.247 3.04 64492 7148
o A o e 2 4000 586 2954 291 74643 70.86
10 : : : | : 3 42.00 12.00 3.102 2.84 69.073 66.50
35 37 39 41 43 45
% LI Sy /mmHg 4 50.00 500 2702 265 87.806 83.064

2 A 95%ERXEMBE TR ZRit=E
Fig. 2 Design space coupled with 95% confidence interval

of spray drying process
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Table 9 Comparison of independent sample mean between

predicted and measured values

Ei=2an FEFMF  SEM WHEEE s BEM
(Y e 0.005 0.943 0.531 0.615
HoKaE 0.003 0.958 0.775 0.468
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AR AN AT DURE BT 18] AR 7 He st
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R PSR, AT DL B R E S T E

KT L AR S K, (LRAR B SRR
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HEFE R BN 11%~14%F1 41.3~45.0 mmHg.
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