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[ Abstract) Objective To establish the best calamine calcined and quenched water-
flying process and analyze the product quality. Methods Taking the yield of water-flying product
and the increase of ZnO as the index, the water-flying times and water consumption of calamine
were optimized, and the calcining process was optimized by Ly(3*) orthogonal test with calcining
time, calcining water consumption and calcining times as the investigation factors; 20 batches of
medicinal materials were calcined, quenched and processed, the content of ZnO in the products
and corresponding raw products was determined, and the quality of the products was analyzed.
Results The optimal processing parameters of calcined and quenched water-flying are as follows:
calamine is crushed to 7-9 mm, calcined at 700°C for 20 min, and quenched twice with three times
of water, fully ground, stirred with water, left for 20 s, poured out the suspension, and repeated
for 8 times. The water consumption for each time is 40 times for the first time, 25 times for the
second time, 20 times for the third to fourth time, 15 times for the fifth to sixth time, and 10
times for the seventh to eighth time. The quality of the obtained product is related to the quality
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of the corresponding raw product. Conclusion The calcined and quenched water-flying process

technology is stable and reliable, and can be used for the production of calamine decoction pieces.

[Keywords ] Calamine; Calcining and quenching; Water-flying; Processing technology;
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Table 1. Results of primary selection of water

consumption
JHZKEE (f%) PRI (%) ZnO¥SINE (%)
10 85.65 10.99
15 89.36 9.41
20 91.22 16.04
25 92.45 16.08
30 93.00 16.38
35 93.15 16.97
40 96.25 16.97
45 97.13 16.11
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Figure 1. Changes in the amount of water fly
materials in different operations
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Figure 2. Variation trend of water consumption
in different operations
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25 Pige g A, e K RIRECh 8 Ik, B
UK LRI Rk 50000 365 1 R 40 4%
F2 245, B3 W 2015, AW ISHE. HS
W45, 56 1245, 55 7~8 K 10 %,

2.2.4 IEXI

BUE S H A 2 8, B0 50 g, #2217
TR 5 YR, B LS — RS 7 i 3 4y
B0y 10 g, % R IRI0 A 2 AR BRI K AT
KK BB A BE T h RIREEC 3 4y, B 10 g,
KT SEBRERAE, WK RS VE R e, Ik
AR 1R 4075, 52K 2515% . 5 3~4 1k
20 f% . 55 5~6 15 5%, 55 7~8 W 1015, T1H5E
= S ISCR BOK & mIeR . ME Zn0 F i, I
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Table 2. Yield of products with different water consumption ( %, n=3)

IR RUEL 1 2! 3* 4" 5* 6 7* 8"
1K 40.85 39.25 39.22 38.89 40.66 40.63 39.55 39.89
2R 23.60 12.07 13.45 13.38 9.23 10.52 11.69 19.30
3K 9.39 7.72 7.61 5.89 6.48 7.40 6.74 6.98
AR 7.13 8.41 7.43 6.58 6.63 6.18 7.38 5.62
5 4.64 6.56 6.74 6.18 6.77 6.12 6.88 5.57
HOIR 3.92 5.40 5.16 5.22 425 4.09 3.32 3.28
TR 2.24 5.25 4.47 5.24 4.65 4.69 3.92 2.53
8K 277 432 2.90 3.70 3.10 2.62 3.71 2.28
R 0.47 3.12 3.39 3.67 3.33 2.46 2.58 278
101K - 2.36 2.93 3.02 2.67 2.52 2.61 1.97
IR - 2.66 233 2.39 2.04 1.75 2.34 1.42
121K - 1.56 2.05 242 235 1.43 1.85 1.81
SUK 94.54 88.99 86.97 85.09 81.76 82.27 83.20 85.45
120 B3 95.00 98.69 97.68 96.59 92.16 90.43 92.58 93.43
#=3 F@RHPZnOEE (%, n=3)
Table 3. ZnO content in products ( %, n=3)
K RIREL 1* 2 3 4 5* 6" 7* 8"
IR 74.60 75.84 76.05 76.06 75.94 76.61 76.38 76.23
2R 73.18 74.16 75.10 74.54 75.24 76.08 75.89 75.11
XY 70.45 73.69 74.98 73.97 74.67 74.78 74.94 75.05
A 70.20 72.67 73.77 72.98 74.39 74.65 73.37 73.54
5 68.69 71.72 73.48 73.20 73.63 74.09 72.67 72.92
6K 63.93 68.12 70.47 72.31 72.28 72.56 70.37 70.30
TR 64.88 67.80 69.49 70.85 70.80 71.82 70.76 69.61
58~97K 59.55 66.21 66.42 66.73 67.19 67.72 66.72 66.38
10~121% - 62.28 62.67 61.94 63.23 63.86 60.92 62.37
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Figure 4. The relationship between single water
consumption and current material volume
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Table 4. Water consumption verification test of
water—flying (x £ s, %, n=3)

IS KOERICR MELRICR ZnOX R
1 94.69+0.89  74.03£0.90  16.16+0.87
2 9325043 7498043  17.69+0.56

e UE I R T K R T 2R, 77
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U s AR G FK T R S IR e S 500 R
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60 X /min [ 3 BE BB 4 min, i BORIAR; 040
fr K PERE, #9820 s J5, SERDEURER 5%
WARLE TS, B LK RERE 7T IR, FIR
IKCH KR I R RHE Y 25 %L 20 5.
20 fF. 15 %, 1545, 105, 10 £%.

2.3 WEIZHR
231 BREFK

(1) BEHKEZE, B 7~9 mm B0 H
RESD 50, B0y 5g, B IR 700°CHERE
Lh, B, E3EAKT, FK &S 588
WL, 2, 3, 4, 54%, BILL 60 K /min A9
FEWFEE 4 min, $% “2.27 WU FHER) T AHETK
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5. RWIRIKE NHORHE 2~4 F5 7 SR
ZnO WIS, BMORFEHK R 2~4 AR T
TEAS IS

x5 WERAKEZR (n=3)
Table 5. Investigation of water consumption for

calcination and quenching (n=3)
7K (F5) FEACE (%) ZnOXEINE (%)

1 74.09 18.09
2 76.04 19.93
3 76.17 18.30
4 76.45 16.53
5 75.01 15.50

(2) BV EHEEE: B 7~9 mm B9 H AR
dn Ty, B 5 g, RS, B
T 700°CHREE 1 h, WU, BHEEA 2 i E K,
PR, MENEEW, BEW T, 17" 25 G
WEEL, 2, 3, 4, 5, 6, TIR, HWJg—UOKER
FEHLL 60 UK /min (38 BB ES 4 min, #% “2.27 T
TITEIK R B IS A BB B OK IS,
FHE A, PITIEY) TR, KinzET,
B 105 CHTBEEE, AR, & 217
TR )5 GE Zn0 F i, T Zn0 M, 45 R
W 60 RUIE MBI SCRIEA TR, X
ZnO HEMETC R E W, SOEFEBAIECH 1~3 K
PATIEAS IS
x6 BEREER (n=3)
Table 6. Investigation of times of calcination
and quenching (n=3)

B FEACER (%) ZnOKIEE: (% )
1 76.55 17.77
2 76.19 17.13
3 74.92 16.95
4 75.27 15.92
5 74.18 17.79
6 68.74 19.60
7 70.84 15.60

2.3.2 EXI

R4 B PR 26 2% 2 ok R R U 3 1 0 &5
R DUBERI S fR] | KBEAE K R BRI
N F AT Ly3Y) IESCIRE, HNEAKFRIT L
W 7. LI ZnO B i & iR b
PEEREZEA N 0.5, F FRFATLE 8115 4
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R7 EXEITERKTE
Table 7. Orthogonal design factor level table

AT IE SR EAR o, 5 RIWEK 8, JrEs S
a3k 9. AOF AMBEIRHE BABAHIAKR GBI

P B3 M 425 SR R0 = PR 28 6 45 S 2 i) (min) () (%)
R (C>A>B) , HMEERECHEE 1 20 2 1
2K BT 20 as ST JUB R B =K 2 [8] 2 40 3 2
TEREZEES, B2 RN T A8, Hib 3 60 4 3
PR R &K TR & 225 456 Bl i

#R8 EXIHWARSER
Table 8. Orthogonal test protocol and results
v oass Ak FERBCR (%) ZnOSEINE: (%) ZEEIES
A B C 2 H
1 1 1 1 1 73.97 15.93 0.9375
2 1 2 2 2 77.10 17.02 0.9891
3 1 3 3 3 7439 17.40 0.9825
4 2 1 2 3 75.89 17.32 0.9898
5 2 2 3 1 75.14 16.27 0.9548
6 2 3 1 2 75.45 14.39 0.9028
7 3 1 3 2 74.04 16.56 0.9560
8 3 2 1 3 73.72 16.13 0.9416
9 3 3 2 1 7447 16.36 0.9531
BifE1 0.970 0.961 0.927 0.948
HifE2 0.949 0.962 0.977 0.949
¥I{H3 0.950 0.946 0.964 0.971
W2 0.021 0.016 0.050 0.023
R AESWER
Table 9. ANOVA results

(S M 2777 il H Fit Fllfs A8 P
B 1E] (min ) 0.001 2 2.000 6.940 >0.05
BRIk E (fF) <0.001 2 <0.001 6.940 >0.05
JRBUE () 0.004 2 8.000 6.940 <0.05
R <0.001 4

ENHABENRIE T ZE R ABLC,, BB B[]
20 min, VWHIKE BRI 3 A%, B 2 K.
233 IEiRIn

B 7~9 mm BHH A 34y, By 20 g, i
T ESEGATEAE, THE = eR, E Zno
TR, FE 217 WUR 7RIS ZnO BN, 4
R 10, RFAFTESL R T EZS8RE,
= ICRE R, ZnO SN E RS, T H TSR
7

F10 BFEREEIEER (%)
Table 10. Verification results of calcination and
guenching test ( % )

B PR IR ZnOSG i
1 75.67 15.77
2 73.29 17.91
3 77.88 16.46
SR 75.61 16.71
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M2 10 A J0, AE 20 4t BE AL PS4 S6.
S12, S13, S17. S19 {4 i ZnO & 2 AN FF &
[ 25 e H A 2581 5 Zn0 AT T 40.0% AYHL
SE, % 6 AR S T A M R Y ZnO B R
ANFFA 2 B H A S Zn0 RIRDF
56.0% HL5E o

Fz11 BEF@RPZNORENELR (n=3)
Table 11. Determination results of ZnO content in calcined and quenched products (1n=3)

FEf FE SRR T AP ZnOE R (%) HL T ZnOo S (%)
S1 |- SES e 7 B Gk 55.78 87.59
S2 RN Y ] 60.72 75.64
S3 LR M2 ) ] 47.72 67.88
s4 WAL E AT ] 38.30 54.02
S5 Wb AR T 25 PR A R = 57.75 67.52
S6 LREEM T IR 11.83 32.55
S7 LM T L] 48.18 57.04
S8 WALZE 2 ] 57.12 78.00
S9 RN ] 59.05 85.52
S10 LM AT TR 53.21 66.45
S11 BT AL 2541 Lol T bW 50.82 65.82
S12 ZE R ue PRI A L 36.89 48.42
S13 |- SES k2T 7 B IR 27.13 46.18
S14 RN Y ] 43.77 57.73
S15 RSN AT i} 43.38 70.53
S16 LREEM 2T Y ] 40.64 55.49
S17 LM AT g 25.18 26.12
S18 RN IR 48.12 68.96
S19 WAL E AT i) 31.66 38.52
S20 RN 2T ) [Sit] 63.04 76.94
3 it il 5 A 2 R A A FLE O .

3.1 IEZMHALTRERIENIEFRAIERE

3.2 KRREKRBKEMA

DR FTIX K CT 24T T RRaam e Y,

o [ 2 B e oG 25 Y AR bR v R
Zn0 RFFE/0F 40.0%, XFFIH AR A 0 bR
HEN & Zn0 AT 56.0%", T H A A
Wzh, WTEIE ot B P AR A R AR — 1,
DAL B[] — e A b A 7 0 2o R Pt AR
RO BT AR, AR AR RS T2
SIS b B, I R B O R A A
KA i b i ZnO i, FFDLHSS I 20
KA T ESEINTE S o AR 245 B X 2564 JL ik
FBCRELE , 24 ZnO BN E A F)] 16.0% LI,
AR AT BEORIEAT & T i 2R 1 A= i 2 M 20
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A= i ZnO FrE PR, B2 B
J i O AL 2GR PRI, FEASI KA
FPRBCRI AT, R OIE” T, NS Y
DK RIREL, ARIEAI I A R, BEREK R
WHL 8 CHHL.
3.3 BEIZMK

DR A R HA X A B T AT R
25 RS IR B IR T 700 °C I HAR S M4riE, R
Pt XS 2 AT S A W 5 SR LT B 1) ZnCO5 Kk
ORI FE [Zn5(CO5),(OH)] YT I3 546 ZnO;
X TR AR (RIS 25 SR 26 B b A8 3k K s AS A
TS, R /N ICHERR S B 2 KIR AN 8
%, WA A, I e TS B N
7~9 mmo ASHIFFEAE G LA b X 0B s s A L B
FHZK S S ABERIR BGHA T IEACiRS, 135 H A48
oK RTS8 SHrprd s gk € T2
FHEG, L6 SR K ZnO 59 i J7 T8 9 A A
T TeEN; AR I, BEOK T E
H B R[] 45 6 ek B I it B b B,
FE BRI T R AR Y TR T,
BE A = Al T AR 4l B B S X P A e ) T2
(ipuze
3.4 FRRENW

rh 24 L 2020 AF R—FRALE B H A iR R
K Y) 7 A RZE R, £ ZnCOy0 AR ]
WITELY M T U b H A 25 p 36 32 41, 4erh
2y s A A e MRS RN R TR, Herp 20
MM P3R4 XRD K, 3% 20 254134
HIKEE", T Zny(COy)(OH)e MY
BURIYIZ 20 HE 2456 SEATIBA K AL, I
i AR A SR Y ZnO B, 45 SRR IALE 20 it
FER TR 6 HLRER A S Zn0 S REATT AR E 2
M A 25 RS, % 6 HERE & IS R A
il Y ZnO FrEIRRFFARLE . MRS RS
B, 49 GRS H S ZnCO, B, Ml
B R AN N : ZnCOy —2— Zn0+CO,.
A AR S A R 40.0%, WIS BREE &
TR EREE & N K 61.6%, 220K 38.4%; 1
il o A AR R A R R L T AR, HoA
IR KA, WSS = 5 S Y
9 40.0%/ (40.0%+38.4% ) =51.0%. A H Al
i 6 28 2% 0 1) ot AR Ak A 1T B M i b v ZnO
() F iR #] 56.0% X —FE3K 5 MixF/KEEIr &%
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K Zng(CO3),(OH), A AR i 5T 12t G s D)2
W ZnO S RN S . RIS T S16 A, HA
T ZnO AT A BE (PR H BAFE A
e, HIRE RS A4 5 5 Zng(CO,),(OH), A
Feo KFFE ARSI HT 25 AR R S A R Zn0 1Y
RS, AR RIAE AR, N
IR — U A K B, ISR DL
T
R H A 0 2y, B A —, B
SCR &) ZnO 88 A A 7= FE P i
FERSCRAE PN T A BF8 bR DUBHRII ] | 48
WKL BERRBON SRR, e Zfie T
H A B K RIH T2 B H A 7~9 mm,
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