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Study on Influencing Factors of X-ray Diffraction both Qualitative
and Quantitative Analysis in Montmorillonite ( Powder )

Dai Suyun,Wang Na,Ma Yuxuan,Wang Bing,Li Gang
(School of Life Sciences,Nanjing Normal University, Test and Analysis Center,Nanjing 210023, China)

Abstract : Montmorillonite is widely used in medicine, chemical industry, food and other fields. With the increasing
awareness of people’ s health, the quality requirements of montmorillonite ( powder ) specified in the Chinese
Pharmacopoeia have also increased. New requirements for the stability and repeatability of the test results are also placed
on by the corresponding companies. In this experiment, the influence of five factors on the identification of montmorillonite,
and the determination of cristobalite and the other impurity was investigated by X-ray powder diffractometer (PXRD).
The results showed that, (1) The crystal structure of montmorillonite does not be destroyed by grinding,and it is suitable
to grind with agate mortar for 3 min.(2) The effect of temperature and humidity on the first characteristic peak of mont-
morillonite ( about 5.7°)is obvious. When the humidity increases, it shifts to a low angle,and the corresponding crystal
face distance increases. When the temperature rises, it shifts to a high angle,and the corresponding crystal face distance
decreases. They don’t affect the detection of cristobalite and other impurities. (3) It is suitable to place the montmorillonite
under the environmental conditions of temperature 20 °C ~25 °C and relative humidity 75% for 12 h for pretreatment.
(4) Dissolution , washing and filtration of montmorillonite pretreatment are the key to the quantitative detection results.
It is recommended to wash at least 6 times. The results of this experiment provide a reference in the qualitative and quan-
titative analysis of montmorillonite ( dispersion ) for production enterprises.

Key words : montmorillonite , X-ray powder diffraction, qualitative analysis, quantitative analysis, christobalite
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TR RL B AR A U, R R R T BERG £

SEMLA e AR Al T miAs , t T4 05 B £ B R SR — | o S A 0 i S A
Yt AR—BE, W WL B A 7 A IR A A G TR s A S5 SR S )
P S RN B B o L Re AN AR A B T o A . S A AMURTE I T 2 1B R IE
TEIRYT 3B A LAVE B BBl 12 P DR 200t L A7 R 4 hn T R0 2% B35 i ) P2 ks 4, R R A
BRI Bty — M2 S a T ) &  2 /D ELR R 75% DL b, A BECRIIE 24 FH 52 i A 1 W BAE 1 Al 245
PE ATV T ac e, (R 2 8) (2015 AERR, DUER ) BRAE « S I ARRIEDE (26) 43512978 5.8° 9.8 Fl
61.9°4F N 5E RIS SEFRUE s 7 A7 BIAT ST (260 298 22.0°) 552 A U4 AE 06 (20 29 19.8°) I i L AFS
BT 50% , FL At B 2k AT SR I UG 5 LU SR B T 70% VR g AR TELY L SEAESR W2 A E B B R e 1
5, % H 2 80 ) e BT E R S A () 1 Jo o Rt B 2 B R 7 ) ol X T 5 SR A A T R
EVEIR I TR ER. ST I ARSI T REMB B AR R R AT T8 R I RS A () FORT
AP
1 SRSy
1.1 SKIG{YERFNSEIG M4

D/max 2500VL/PC I FHHL LD XS RATHL (Rigaku, HAR) ; SEMEAIREE (HE5 . 1706012) ; SE A
X B & (165 : 100860-201302) .
1.2 PXRD EMEENH
1.2.1 A& &4

B 40 kV, 8 100 mA , CuKa §5 5T, 7285 @45, DS=SS=1°,RS=0.15 mm, 2 [A]ff 0.02°, 4=
T (260)3° ~85°  FAFMHEE 5 °/min, Ryl L (20) 15° ~35° FAFHEE 1 °/min, A7 A%
éia%(lo—lll .
1.2.2 SEHBAR
1.2.2.1 LA xF B AE & o =

WA E 25 3L) (2015 47 AR, DU ) 22 A A br o> | B i % BRAEE i (L5 100860-201302) 24
4 g, B T HIHHR TS B A, 2 100 H . BGE B T8 T AL LK 2R A SR Fn s Al s
I IR 20 °C ~25 °C MIXHBEE 75%) 29 12 h J5 B T X =S 28 AR AT S 2 . 30 s A
K135, AR Y B2 IR R, 70 i) S It A R I (20 2909 19.8°) (5 9 A 155t I (26 24978 22.0°) FILH
b 2 AT S 068 118 U T 2 JPS 6 1140 o JBE , 45 06 g R X 52 O A AR 06 15 114 HRAE
1.2.2.2 LA B & el E

HRSE AT RE i (6450 1706012) $22 BB 3R D7 vk 64T AR B, 0 3] 5028 5% i) PR 28, % AR b ABOAS () Ah 3
PXRD i, 43 #2285 Fh EZZ M R A0S - (1) A S ETAL S8 A AL B R ] R 52 0 5 (2) 9 b i
EE A R AN S AR R R IR ) RS0 5 (3 ) A AL B IR BE RS2 5 (4) RE S ET AL B e
AR E A2 5 (5 ) A WA i A ] P 52
1.2.2.3 ZFWE AR WA

HUSE A BIORE i (HIE5 - M04948 ) 4 o, TNzl /K i, 43 1 4 1 FE, 43 R R R i, Ve 1IR3 IR,
6 UK, FER VR FIK 50 mL, i, L uE , 8 T 105 °C T, B 30 i, B T 30 5 Aok v A 8 R o<, it
100 H i BUE A E TR K 32RO S AL AV T ) TR TP 29 12 h S G X5
LRI RE | 5 ZEU B UEON 5 A7 FBOR 0 245 SR A 52 i
2 g
2.1 REAXRGERIREFERENLER
2.1.1 A Su] 4L B o HRAR AT AL A A R B ) 69 % e

Kl 1(a) 52 ARG PSRBT EE 1 min 3 min F1 30 min A9 X 547 51415 18 (& h 43 B bR R
CYB-1.2.3 min) LA K S MiA7 ) Bt (9 197 568 2 1, el P ml 2 s R B AT 85 A [) sf ) (%) 45 & #E 5.6°.19.7°
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1 61.9°(20) AhFFAR I AV 5 56 R R AR A7 B AR — 35 | U 552 I Y 00 A A e AR A, Bt T S st
I, 7 5 T S 0 e o S A A | JH At oA 2 57 477 St 06 06 vy A8 A1, A sF 2 1 00 4% S g (1% 2% o 06 T B
R AT S T S 005 T A PR ), S A TS A 8 1% AL 3 T S0 I P i B 6 SR B W g ) s 11 1(b) 2
S AT RE S FH B SO AHTEE 1 min 3 min A1 30 min A9 X - ST 543 18] (& 43 3055 8 MNYB-1.2,
3 min) DA RS2 A RE i B AT Bt P el TR AT 2R A D B I AT B A R At A T 0 £ e v 5 5
J AT R e U AR | TE B 2% UG | J A MRS AY. 38 1 SR N R R R 25 1 T A B AG RE iy A X R A AR AE
TELR L) M e i a B, T WA EES IR TS 3 min , 45 31 14 & M 8 5 S Ae i T N B R M AU

3 CYB-30 min g MNYB-30 min
> - >

Z CYB3 min Z MNYB-3 min

E CYB-1 min E MNYB-1 min

DZP/100860-201302 DZP/100860-201302

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 20 30 4 50 60 70 80 10 20 30 4 50 60 70 80
26/(°) 26/(°)
(a) BETEE (b) HHHER
1 ERSBEHAREREA LR BN X HEiT5 B
Fig. 1 X-ray diffraction pattern of porcelain mortar and agate mortar grinding montmorillonite
1 HEmEXNBRBELEENMERESE
Table 1 Characteristic lines of samples and reference substances,and percentage content of impurity
KM AR SEWAT WY RRIE TSR (1175 11 26) Dyyeri/ T Dyepugon/ Tepmirs

Xt HE /415 . DZP/100860-201302 5.6 19.7 61.9 13.4 13.4
FEf 25 : CYB-1 min 5.6 19.7 61.9 13.4 18.9
CYB-3 min 5.6 19.7 61.8 15.0 18.5
CYB-30 min 5.5 19.7 61.9 13.6 13.0
MNYB-1 min 5.6 19.7 61.8 12.5 17.8
MNYB-3 min 5.5 19.7 61.9 13.8 17.6
MNYB-30 min 5.6 19.7 61.8 14.1 18.4

2.1.2 HEHEAHIIRAE RN TIRE PR EN RGP

Bl 2 (a) S5 WA b S 7E 5 A i A A A i ) T b, 43 & T 3 h 6 h 9 h 12 h 15 h 18 h Fl
24 h JE RN X SHERAT S A i I DA K 52 M A Xof B P A S 28 I I el PRI AN [ e ) Ak BB AT A O
5.6°.19.7°F1 61.9° (260) A FEAE W o7 B 55 %5 HR i R IE 04 037 B e AR — B, U W 52 It A 3400 A R AR i AL AR

\ M A NaCl-24 h ———/—/f\\ NaCl-24 h
ﬁ\ M R NaCl-18 h L /\ NaCl-18 h
e }\ " NaCl-15 h 3 _,//\ NaCl-15 h
< U M - NaCl-12 h < w_—//\ NaCl-12 h
e A NaCl-9 h el /\ NaCl-9 h
5 VA A NaCl-6 h 5 |—1 NaCl-6 h
= 4 A NaCl-3 h = _/7\\ NaCl-3 h
A DZP/100860-201302 R DZP/100860-201302
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 3 4 5 6 7 8 9 10 11 12
20/(°) 20/(°)
(a) % (b) SIS

B2 TR ER X ST&ET5 E LS EBE i

Fig. 2 X-ray diffraction patterns at different times
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. T 2(b) s R by FETAT R0 B P ) 1R 552 it A7 114 55— A M WA 1) AER R i B8, AN A5 52 A Y
FEVERTIUARAE , T E I 18] 12 h BON-E I, 3R 2 JeAr il HDeT IR SRR T R LA R 29 o &5 6, D7 A 5 R H A
AN IR S AR B AL, p e n] DL R R B T S A A B R R TR R 12 h R RN AR
T8 ¥ e e 4 AR E MR

F2 HERNMMBHRFEEEUARERAE

Table 2 Characteristic lines of samples and reference substances,and percentage content of impurity

FE 2R S RRIE IS L (R4 A 20) Dyyeri/ g Dyvpgers/ Tspnir

Xt BE /415 . DZP/100860-201302 5.6 19.7 61.9 13.4 13.4
S5 .3 h 5.8 19.7 61.8 12.9 18.5

6h 5.8 19.7 61.8 13.2 18.3

9h 5.7 19.7 61.8 12.9 17.4

12h 5.6 19.7 61.8 13.4 18.4

15h 5.5 19.7 61.8 13.8 16.3

18 h 5.5 19.7 61.8 13.2 17.1

24 h 5.5 19.7 61.9 13.5 16.1

2.1.3  HFSmAT AL FE IR AR

K 3(a) S BARE B E AL IR 20 °C .25 C A1 30 °C, MHXHEEE 75% , & At A AL 48 75 T 1Y
Tode 12 h 5 BGH AN Y XS 2 AT 4 ik 8] LA K 58 WA 0k BRSO AT 559 28 i 181, b P81 AT 00, A [l i Ak
P RE SR AE 19.7° 1 61.9°(20) ZbFRAF I B 5 % IR S A AR AV B AR — 252 1/ 3(b) =3, i &
AR MR BETE 20 °C ~25 C Z[R1 5 B A ()20 — N Re A Iy AR RS, 2SR IR 3 30 C I, 5l i o —
ANFEAE U ] 93 A AL | 3 2 PR A AR RN G AL A A5 rh 4 o Y P AN AR s TR b T AR R R S R B, e AT
JHEFR . 2 3 SR RN R TRRAE T 2 L B % i, A i N LA PR 2 5 e A A AR
b, FRBERT UL R A B TIREE 20 °C ~25 °C AHXHRRE 75% , i A7 1R A S AL BA i i T 2% v 12 h S Al
A 15 B B M i 2 R AR MR A

: g
s NaCl-30du < M NaCl-30du]
Z NaCl-25du E ]
g g [~ N NaCl2sdy
= NaCl-20du =
DZP/100860-201302 \_// ~——— — NaCl-20du]
DZP/100860-201302
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 3 4 5 6 7 8 9 10 11 12
20/(°) 20/(%)
(a) I3 (b) Jry &l 1%
B3 AERETH X S&ITHEE
Fig. 3 X-ray diffraction patterns at different temperature
R3 HERIMBRFELEEURERRE
Table 3 Characteristic lines of samples and reference substances,and percentage content of impurity
RS AR S RHIE S LR (RT3 47 26) Dy /T Diepuger/ Temrs
XJ B sh /415 DZP/ 100860201302 5.6 19.7 61.9 13.4 13.4
RFES 5 . NaCl-20 °C 5.6 19.7 61.9 14.0 17.8
NaCl-25 C 5.6 19.7 61.8 13.4 17.4
NaCl-30 C 5.7 19.8 61.9 11.4 17.7

2.1.4  FSal LI P AR IR B AR R
Kl 4(a) RS BARE S E AR IR0 25 °C X EE 4 32 50% \75% F1 92.5% M AEEH 12 h 5
IBCHR ARSI P X SR AT S P LA R 55 It %o Ll 8 0 S5 8 o Tl Pl T 0 A [) XT38 B Ak Lo A &
19.7°F1 61.9°(260) AbFFAF W37 B 5 %6F RS RFAE 037 B S AR — 202 1R 4 (b) 2 s I, P L ] 26 552 it A
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S — N RHEIELE AR E 509 1) PR 1n] 5 A I BS , TEARXT IR EE 92.5% M FREE b m I M A% . & 4 & Fe i
FIUGT BRI T 4 DL B 2 0 i, 0 B g ALl B 0 5 R AR WA AR A, SRR TR — R fIE I
TEAIXHEEE 50% I PREE b & 5,70 FEAMIRHEJE 92.5% I REE i J2 5.4° ) i 1E A0 XTI BE 75% i PR 885 v J2
5.6, 57 B il ) B — MU AR A2, FH G AT D R AR o B TR 20 °C ~ 25 °C  AHRTHIR BE 75% 4R R SR AL 4M
VSTRIREEH 12 h 5 RIS A3l , 15 B0 e 1 a5 A T 0 o A e

3 - JA\W‘_&E_
< RH92.5% S
2 2 RH75%
E é’ —_/—//\ RH50%
DZP/100860-201302 1 DZP/100860-201302
10 20 30 40 50 60 70 80 34 5 6 7 8 9 10 11 12
20/(°) 20/(%)
(a) &35 (b) JR TPl
4 REVAXHE M X 51075 B R EE
Fig. 4 X-ray diffraction patterns at different humidity
x4 ERIIMBRFELTEURERRE
Table 4 Characteristic lines of samples and reference substances,and percentage content of impurity
FESR AR ST IRHIE TR (RT5 £ 20) Dy /T Do/ Tomrs
XJ B /415 DZP/ 100860201302 5.6 19.7 61.9 13.4 13.4
AFEH S . RH 50% 5.7 19.8 61.9 13.3 16.8
RH 75% 5.6 19.7 61.8 13.4 18.4
RH 92.5% 5.4 19.7 61.9 12.8 17.5

2.1.5  frmlAfar G et 69 a

K5 (a) SRS E T oA MRS BA W 0 TR b 12 h JFEGE  IFAEIRE 20 °C ~25 °C HH
SHEE 56% ~62% (28 N ERES) 20 B3 E 10 min 20 min F1 30 min JGR A X AT S0 K DL K 52 i A1
X BRI A el AT 0 A [ i B8 B [E) A b 7E 19.7° 1 61.9° (20) AL FRAE WA 55 X RE S R
WA B LA —30 ) T 5 (b) S SRy, p P AT A S8 A A — A A O v R B I 18 1) v A RS T
BRI THIAE 20 min DAPY 55— MRS 7E 5.6° 2547, S BA B TA1 A 30 min YA, 55— AN AR AIE 6 1) 25 £ D
. 5 ZAF SR B S RRAE TS 2k L R A 0T 5 o, O e S i R A 2 B R A A AR AR, ]
L RE S TAL BREE RIS 7628 PN EREE T U B IS 1] 20 min ARG I A0, 15 20 A0 8 M 8 B 46 R A e e N i
R

M DZP00860201302]

Intensity/(a.u.)
Intensity/(a.u.)

SN

DZP/100860-201302

10 20 30 40 50 60 70 80
20/(°) 20/(°)
(a) El3% (b) JRERElE
B 5 ANEHBrIER X ST&iT8 EiE iR E L

Fig.5 X-ray diffraction patterns at different residence time
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x5 HRMNBRFEEERUREREE

Table 5 Characteristic lines of samples and reference substances,and percentage content of impurity

[T S RRIE IS L (R4 20) Dyyeri /T Dyvpgers/Tspniei
Xt BE/41ES . DZP/100860-201302 5.6 19.7 61.9 13.4 13.4
HFESS 10 min 5.6 19.7 61.8 14.0 16.7
20 min 5.6 19.7 61.8 14.4 17.7
30 min 5.7 19.7 61.8 14.4 18.5

2.2 EBREABUESRREE LSRR

Pl 6 J2 52 JI A0 HORE i (L5 M04948) 43 il Uk % 1 1Kk, 1 1]
3R .6 PRI ZEVEU Y XRD Al Y X S 243 568 Jmy B i LA J2
T P — DZP/100840-201302
SRR A M. KR 12 s e | TN TN
DA Y, AR 0 U WA o AT Pk 2 o e A W) Wb | R 0 2 0 A s‘; PN S TN 948-6/
PR ) A0S, LU 2, e k. 1 2 PN s
TFIRE B B AT e, DO A I R SR A R, 1 E F \i;‘;‘z';
R T 45 PE SRR 4 L RS0 e 6 ). Y B &
2.3 %ﬁﬂfiﬁ%'fi%'ﬁ:gﬁiﬂs 10 zl() 2I5 3I0 35
LR LA s R 2R 0 75 4, 45 Hh 52 A0 R 52 A I T 20/(°)
AL IR AE S8 55, 353 0 67 7 S E . H6 TEEERBE X ST EE
Pgl 7 %urg] 8 ﬁ%”%%ﬂ%a %ﬂ’%ﬂﬁEﬁﬁ#l‘%Eﬁ%{i%{ﬁFT Fig. 6 X-ray diffraction patterns at different
TR £ XS5 2 A7 S0 PR, eI T 60, 95 A 7 B ashing fimes
PF R A B FRE S SEATARRIN 3 UK, #E 5.6°.19.7° 1 61.9°(20) AbHRAF (i B — 5.
3 El
< M04948-3 S MMT-3
z z
§ M04948-2 S MMT-2
| =
M04948-1 MMT-1
IIO 2IO 3IO 4I0 SIO ()IO 7I0 SIO ll() 2I0 3IO 4I 5I0 6IO 7IO 8IO
20/(°) 26/(°)
7 BRESFHTLEMRBA X ST&IT5EE B8 mAEKMFTAERZMEAR(MO04948) X FHEHTHTE i
Fig.7 X-ray diffraction patterns of montmorillonite Fig. 8 X-ray diffraction patterns of montmorillonite powder
(MMT ) treated under optimal conditions (M04948 ) treated under optimal conditions

6 MR T 73 e S M AT AN S AT HIURE S RAE T R LA R 2R o 6, s Rl 0, SRR R 7 94 &
FIHAR BN IR B AR — B0 NI, IR BAL B PRI A5 2 B e M 1 2 R AR P N R PR Ay
xo6 ERABLEEZURERAE

Table 6 Characteristic spectral line and impurity content of montmorillonite

FEM 2R S I RRIE TSR (R 5 £f 20) Dyseri/ L Dy Lsws
iR L . MMT-1 5.6 19.7 61.8 13.4 17.8

MMT-2 5.6 19.7 61.8 13.6 18.5

MMT-3 5.6 19.7 61.8 13.2 18.2

R7T EBAE(MO04948) $HFIE L U R EFEE

Table 7 Characteristic spectral line and impurity content of montmorillonite powder ( M04948 )

FEM 2R SEWAT P RRIE TSR (R 5 £f 20) Dy /T Dewnem Tspmis
iR FE . M04948-1 5.6 19.7 61.8 13.9 17.6

M04948-2 5.6 19.7 61.9 13.7 18.1

M04948-3 5.6 19.7 61.8 14.2 17.9
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4 w5t

LAV L R A% 5%, 15 B RS IR A5 R - 5 A T Ak 3ok R b o ) L G AT ek S 52 A
3 min, SR 5B S WA RE S BCE AR IR 20 °C ~25 CRAHXNRE 75% 247 A T, #iE 12 h, BUb filee,
X SRR AT S SR I, 4G 2% (44 H rp [ 25 S g R )L 2 A IO T B A, kA% 6 YR BT
B2 R 52 IO A BB P A N ) T P R 2 R PR UE 45 SR ) B A T AR

AR SR XS RS (PXRD) 548 T 5 PRI 2 % 52 [l A7 %8 78 152 M LA K 7 A R A,
TR A SR R R SR DU Ak R EURE ) DI /INIR 22 TR R P IR RE IR X R LA
PRSI HERATE. SBA I X SR IR 24 BEIGE A AE 5.6°.19.7°F1 61.9° (20) = Ab A IE/E
R X EFRAT SRR I ) SR HR 22.0° (20) 1E R 5 P AT (R F I

ASEIG T S EE ORI S AR A B 2 B0 3R R T R AR R ) A B B AR
RFEER T e v LI T LA 3o PR R A R A B B AT R ot 7 A T e R o 1 R IR B XoF 5% A ) B —
FENE UG 52 M A B 8 55— R I 0 ot o5 100 3 DK v AT 7 A B8, %o 7 P i T SR8 RS 5 44 00 88 - v B 25—y
IR0 [i0) =5 A AR RS | XoF IO7 114 it T PR /)N L 3k 8 R 2R X6y ey R LA 2 1) % B L AR B A s ). AR S B0 T
B, IEALFHER 2T, 25 SR IR EEIR , = N IRSR I AI SR ETE 56% ~ 62% , 5% i A1 Xk HE it e HE o [ 24 il
ARSI AR P TR A B, 57 BV SRITREASI , 285 58 5 7 S i A A0 38 — M Rp AW A 67 B S.6° A8 fh , Al R AE 2SR
H130 min LA S5 —MRRAEIGEALE 5.7° 40 47, i BA st 1) AR 28 PN BR B AR (R i i L DL R A R o A
FEARME AT S M A () s MR TR AT R i T SR
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