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Research on zirconium ball water grind processing of Cinnabaris and quality
evaluation
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Abstract: Objective To establish a Cinnabaris zirconium ball water grind processing suitable for industrial production to improve
the quality of Cinnabaris decoction pieces. Methods Taking appearance properties, powder characteristics, process yield and
mercury sulfide content as indicators, according to the analytic hierarchy process, the comprehensive score of the weight coefficient
of each index was determined, and the zirconium ball water flying Cinnabaris process was investigated through the single factor
combined with the star point design-response surface method; With the help of scanning electron microscope (SEM), particle size
detection, thermogravimetric analysis (TG), Raman spectroscopy and inductively coupled plasma mass spectrometry (ICP -MS) to
compare the quality difference of Cinnabaris before and after the processing, and preliminarily discussed the mechanism of
Cinnabaris zirconium ball water grind processing. Results The optimal concoction processing for zirconium ball water grind of
Cinnabar was determined by taking a certain amount of Cinnabaris, accurately weighing it, and placing it in the grinding cylinder,
adding 400 g of grinding balls with diameters of 1, 2, 3, 4 mm, adding 450 mL of water, grinding for 120 min, then adding 800 mL of
water, stirring, and pouring out the suspension, and the preferred zirconium ball water grind processing was validated using 16
batches of Cinnabaris herbs. A comprehensive evaluation method of modern technology for the quality of mineral medicine with
various aspects such as microscopic properties, chemical composition and structure was explored. Conclusion The Cinnabaris
zirconium ball water grind process simplifies the traditional water grind times, retains the characteristics of the traditional water
grind, quantifies the parameters of the key operating technology points, and the process conditions which have been validated are
stable, reasonable and feasible. Cinnabaris zirconium ball water grind technology has played a good role in impurity removal,

purification and attenuation.
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Fig. 1 Fishbone analysis diagram
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Fig. 2 Response surface plot of the effects of grinding water (A), grinding time (B), and number of water flights (C) on water

grind processing of Cinnabaris
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Fig. 3 Electron microscope scan image of original medicinal material of Cinnabaris (A), Cinnabaris zirconium sphere water

fly sample (B), traditional water grind sample of Cinnabaris (C) and commercially available Cinnabaris water grind decoction

pieces (D)
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Table 6 Results of powderological study of vermilion

samples (n = 6)

eyt AR/ um R TR/ (m?em ™)
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Fig. 4 Particle size distribution of Cinnabaris before water grind (A), water grind samples of Cinnabaris zirconium spheres

(B), traditional water grind samples of Cinnabaris (C) and commercially available Cinnabaris water grind decoction pieces (D)
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Fig. 5 Thermogravimetric profiles of Cinnabaris samples

before and after water flight
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Fig. 6 Raman spectral results of Cinnabaris samples before

and after zirconium ball water grind processing
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225 P AH O SCRR B4 101, 257.22 286.84.
346.93 cm ! AbY 3 AMNEARRAL R 1) 3 B R SRR
W, Herp A5 257.22 e ! M7 () Hg-S A1 {14
IRENES, 286.84 346.93 e ! M T Hg-S i
GiRzh, 3FHALT 106.73 em™ Ab A 1 5504, AR AD
Hg-S ) 5 /> BB 4tk sl — raRan .

D5 235 Bt B R D A BROK R ISP AH A & A ek
B, WHBYITEE . HAH AT AR 254 553 A4
JRUE, RADESERZK S IR B LT 4, R
S FE A TN TR T, R EERKE T
2T LR B PR AR A= M AE
235 FETHBRSSE RIS AR B
RS SEB FAR B E R AR (ICP-MS) & —Fhml LA
ROHAT TC R I BT 07 SRR REE
s KRR ShASR MR B . T ST,
' SR EAT 2 Bt R 1 R PO A0, B8 1%
7% 62 Fyt & (Sc. Yb. Be. Mo. Hf. Eu. Lu.
Zr. La. Dy. Cd. V. Ho. Ge. Tm. Er. Sr. Sn.
Y. Rh. Li. Gd. Te. Sb. Ta. Bi. Tb. Ga. Ag.
Sm. Ba. Pd. TI. Co. Au. Mn. In. Mg. Cr.
Zn. Pr. W. B. Ir. Ce. Pt. As. Nd. Ni. Nb.
Se. P. Ru. Ti. Pb. Al. Si. Cu. K. Na. Ca.
Fe) FERWZGM . RAVEEERAK KRR . 7K KT 40k
B REGUK R TR OKTC HEfH

VBT AT, NI FE AR R AT S e & &
AR Do

W B S S B TR TSR SR B K
W 1000 W 255 SRR E 15 L/min; 4f8h
SRS 1.5 L/min; ZAEAFRE 0.75 L/min;
KA i A0 Axial Mode, Ry, Zith.
BRI RZ 0.05 g, MEMCERE, B THEERT
RIS OImHEEE S, ZEIMALEER 2 mL, i8R 6
mL, S0P, BERANEE, W VH AR E TS A i v AR
Wi, WEIERTHRRFIEATE, FHERET IR
BEEZ 120 C, FHEMTE 10 min, £REF 10 min, 2
JE B IRE 180 °C, JHEAE] 10 min, £#4F 60 min.
HRG AR ER, HHENERREEZ S0 mL &
i, BaikKEREZZL, |BE, fFl.

SR IR IENRE R & o R TR, S5 R
Wk 7. 8 Fin.

R 7 RS ERK AT E TS o3 & 245 R0
ELrT 5 REPZGHE . RRDEEERK Ry 2 FlBE LI 62
FhotEM M, 12 Al Ca. Cu. Fe. K. Na. Si.

=T KRWHEBHKKKAIERRRZENSTRIEER
Table 7 Results of elemental content measured before and
after water grind of Cinnabaris zirconium ball and

remaining residue

Ji# #/(mg-kg™)

KRRIARENAY  BEEOK KRR K WIRIE
Ba 0 0 20.46
P 0 0 42.19
w 0 0 1333.92
Ti 22.63 0 1 057.88
Se 0 0 1077.88
Cr 0 0 773.16
Co 0 0 910.52
Sb 0 0 3208.10
Mn 0 0 6 601.76
Ni 0 0 178.01
Si 81.38 41.11 45.18
Zn 0 0 2103.64
K 63.05 52.62 100.65
Ca 119.22 98.69 13 625.39
Na 67.21 83.92 233.75
Mg 0 0 597247
Al 39.77 33.34 34.75
Fe 219.83 110.30 66 322.69
Pb 26.44 0 87.84
Cu 45.77 29.66 133.79

#8 FRIKILERMHRMNSTRISLER
Table 8 Results of elemental content measured in different
Cinnabaris water grind processing samples

g R/ (mgkg™)
LR -
BEERAK ORI AEG0K AR &K RN

Ni 0 0 537.80
Si 41.11 210.21 444.13
Zn 0 0 26.72
K 52.62 88.87 106.76
Ca 98.69 619.18 49538
Na 83.92 149.21 146.25
Mg 0 0 0

Al 33.34 0 20.75
Fe 110.30 91.10 1167.09
Pb 0 30.29 59.66
Cu 29.66 0 0
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Ti. Pb 9 Fon RIS & TR, Ha 51 #oc
FOEMK TR 20 mg/kg.

Hrp, KRBETRBDZ ML H AL Ca. Cu,
Fe. K. Na. Si. Ti. Pb 9 FycZ&, RWPEEER/K K
JE IRES RS ALL Ca. Cu. Fe. K. Na. Si7 fh
JCE; HARWESEOK KRR AlL Cay Cu.
Fe. K. Si JUH & EHMCT /K CHIRD MM,
FARKIH Ti Pb o, BEHESEOK W T2 Re084E—
SEFEE LA RSO, 2. WSELS TR AR
M PEAE AR TG 3R B i, AT Rk B H 4l A )
IEH

R 7 0 2R /K G TR R TR AR R
Ik SE B4351: A Sb. Ba. Co. Mn. Mg. Cr.
Zn. W. Ni. Se. P. Ti. Pb. Al. Si. Cu. K. Na.
Ca. Fe 20 iy & &m TR, Sby Mn.
Mg. Zn. W. Se. Ti. Ca. Fe JLHRMAESE
T 1000 mg/kg, HHA Ca. Fe LE MRS HEIA
13 625.39. 66 322.69 mg/kg, AJ WARMEEERK KT
2R R B — B I T

1 8 MDA [ b A ) e 3% 75 e 46 xS
EERT %0 ARAPESERKRFE M TP A H Siv K. Ca. Na.
Al. Fe. Cu7 MnE, Kb EG0K WRE R A H Si.
K. Ca. Na. Fe. Pb6 Flynz, MR (KK
YR Siv Zn. K. Ca. Na. Al. Fe. Pb 8 ff
JeE . Hpii RN OKTO RO H Niv Fe JtER W]
i TR B EROK O AR AL G0 K KA 10
5 LA b IR s SR AR AT DA 33 B FRLERR 546 B T4
ot s AR AT DA FH T R A A ot ol = R
2.3.6 Hg>ME AMP IR 2514 K LM i 5 He I
5E A= W AR 22 A PRI B R AR, RS IR (O
[EZ5 L) 2020 FERAR RS B 0T N 2SR, RIE ChE
2L 2020 FERRPUHRIE N 0412 = 20 ik k-
TR 55 0 P T 1 s 92 % DU e ) 2322 7R it
BRSNS g, @M Thermo Scientific
ICS-4 000 HPLC . Thermo Scientific iCAP TQ
ICP-MS/MS 51 R - L B & 55 B8 1 Jo i SO0 2K
W IR 25 5 2 T2 56000E )5 R BS BRoOK TR H i idf
177 Hg* e,

M5 RAR 9 Fiown, RS IEZM AR BBk
KEFES Hg? PR (He) THRET 0.10%, ¥HIFF
HEOR, ENTHBAEF, HHEE He> SR
BET; ENTIHRAES, He &Ea — e
Ko XULHI R EEROK W T2 A —E M LBRED

R9 KREHER HeMELER
Table 9 Determination results of divalent mercury in

Cinnabaris samples

Hg>/%
Byt
ANLBW N LI
KW IR Z 44 0.011 0.024
BEBROK RAAD K 0.012 0.016
B Hg? TIAER «

3 g

Xt T RS 20 1N B E RTVE 2 AR BR S v
BREGKCE, KvAGHAR—ERiE, H
554 JR I A A A, 223G ot I R BTN
SRR, M E AR R R . AT A
DUARRDIXBRG 025 R, it 5] N BEGE 4k & AL Gtk
RIIOREE, SRR R IR Tk K AR = 7 SR
BROK IR, W 25K KIS R TIRAN
WHot. (EMFTE ik LR g R ik, Xty
M R AP BROK € T 2R R AT 00T, DR GURE
PR FEARTEIR . MMARRIE. BfLR &R, LEeR
NEEE YRR, PSR E0Rs SAR AR Bs AT A
LGS, ARYEZ R HTIH S A E R 5L R
FGEVEMER RO K T 2T 552, @it A
RHER R SBT-m R, 3P T TR
W TC . FFEESL T [RABERL DUR s AR D B R K K
T2, W TSR CIREL, ST BRI ER,
RESE, BHITEINKE, WEERRINA &,
I IAE R SRR, IEHA TR E, EI
PERAE, FRARRERE, R T R A
(1 Tl A P A i

TR NIRT T (0 A Rk AR (B ) &
Bl AHE TR HBTERE . BOBRI BRI . #
FONT BB CRE T S AR A S5 5 AR B
AR DRI IER, AR s 45k, Btk
L2 TR R BOK L 23T KA.

FERAD K M S RO R B e b, DIME SR
PATHIR R % Fr9 4 A DR Ay FEE i B o B vk S5 B0
LB 52 V2 BV O 85 20 AT 5 B A (R A 2
MRS AE R AR 45 A3 K R T 2T . ISR 4E R
AR SRR K KEES R i/, B RS, 25
KA, KNSR —FE, TUHREA, Sk
I FLRR A B . T AR AL B BRK KRR MR b 5 5%
WO 2 22 S5 35 O I AR Tl B AR i AR Gk 6
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