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ABSTRACT

X-ray diffraction (XRD) spectra obtained from X-ray diffraction
spectrometer are often applied in the quantitative study of the structure of
powder samples. The XRD spectrum investigation is based on the
deviation angle between the incident ray and the diffraction ray of each
material to determine its structural composition. Each XRD will be the
dependence of the diffraction intensity on twice the diffraction angle
having a characteristic pattern according to the spectral peaks. In this
article, XRD spectrum is simulated, analyzed and processed by Python
software. The XRD spectrum obtained from the experiment consists of
many complex peaks that are processed and identified the characteristic
peaks for the crystal. The results show that chili powder has a main peak
located at the diffraction angle of about 22.010, indicating that the chili
powder contains silicate minerals to be determined. Simulation and
experimental data will initially be processed to approach machine
learning to evaluate the obtained results.

TOM TAT

Phé nhiéu xa tia X (XRD) thu dwoc tir mdy quang phé nhiéu xa tia X
thwong g dung trong nghién ciru dinh lwong cdu triic cia mau dang bot.
Viéc khao sat phé XRD dya vao goc léch giita tia tdi va tia nhiéu xa cia
méi logi vit liéu dé xdc dinh thanh phdn cdu triic ciia né. Mbi ph(f XRD
s€ la sw phu thuoc cua cuwong do nhiéu xa vao 2 lan goc nhiéu xa ¢ dang
ddc tring theo cdc dinh phé. Trong bai viét nay, phé XRD dwoc mé phong,
phan tich va xir Iy bang phan mém Python. Phé XRD thu dwoc tir thuc
nghiém gom nhiéu dinh phirc tap dwoc xit Iy va xde dinh cdc dinh dic
trung cho tinh thé. Két qua cho thdy bét 6t ¢6 mét dinh chinh nam & géc
nhiéu xa khodng 22,010 chimg t6 bén trong bét 6t ¢é chiva khodng chat
silicat can xdc dinh. Cac 56 liéu mo phong va thuc nghiém budc dau sé
duge xir 1y tiép cdn véi mdy hoc dé danh gid két qua thu duoc.

1. GIOI THIEU

Nhiéu xa tia X (XRD) 1a hién tuong cac chim
tia X nhiéu xa trén cac mit tinh thé cua chét ran do
tinh tuan hoan cua céu trac tinh thé tao nén cac cuc
dai va cyc tiéu nhidu xa. Tap hop cac phan xa hay

c4c tan xa dan hdi tir mot ho mat phang nguyén tir
song song trong tinh thé dam bao diéu kién giao thoa
tang cuong sé thu duge cac chum tia X nhiéu xa theo
cac hudng xac dinh, dac trung cho tinh thé. Cac tia
nhiéu xa nay c¢6 thé dwoc ghi lai dudi dang anh nhiéu
trén phim hozc dwoc vé thanh gian d nhidu xa. Hién
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tuong XRD dugc giai thich boi Wiliam Henry
Bragg va Wiliam Lawrence Bragg (hai nha vat ly
ngudi Anh, giai thuong Nobel vat 1y nam 1915).

Phuong phéap nhiéu Xa tia X thuong dugce dung
dé phan tich mau véi lugng rat nho ma khong can
phai pha hity mau, thoi gian phan tich rat nhanh.
Phan tich 16p mang mong trén bé mat vat ligu ¢ goc
quét hep, phan tich vat liéu méi, xac dinh cau tric
tinh thé, t6i wu hoa cac hang s6 mang tinh thé bing
thuat toan 1y thuyét, tinh toan kich thudc va sirc cing
ctia mang tinh thé, theo déi phan ung tong hop hoa
chét ran (Alderton, 2021).

Nghién ctru xac dinh thyc pham da chléu xa bang
phuong phap nhiét phat quang cho thay mau vat liéu
can c6 cac khoang chit silicat c6 thé tach duoc. Viéc
xéc dinh sy c6 mat cua silicat trong mau cé thé dugc
xac dinh bang phuong phap nhiéu XRD. S liéu thu
dugc tir thiét bi XRD 1a cac thong sé vé& goc nhidu
xa va cuong d6. Phd XRD thu duoc chira thong tin
cuia cac dinh phd va trong d6 c6 dinh phd ctia khoang
silicat can xac dinh. Tuy nhién, cac mau vat lidu
thuong khong tinh khiét va chira rt nhiéu tap chat
trong n6. Khi d6, phd XRD thu duoc s& ¢o rat nhiéu
cuong do dinh theo goc nhidu xa chong chap nhau.
Vi viée xir 1y phd thong thuong, phd XRD khéng
hién thi 1 rang cac dinh c6 cudng d6 dic trung cho
tinh thé. Do do6, véi phan mém Python, viéc xir Iy
phan tich phé XRD mang lai nhiéu két qua kha quan
hon. Cac dinh chdng chap duoc phan tach va xir Iy
loai bo dé giir lai cac dinh phu hop. Trong nghién
clru nay, viéc phan tich, xtr Iy va moé phong phd
XRD duoc thuc hién nham xéac dinh sy c6 mat cia
khoéng chat trong mau.

2. VAT LIEU VA PHUONG PHAP
2.1. Phan mém Python

Python 1a ngdn ngit lap trinh hudéng ddi twong
cép cao duoc tao ra bai Guido van Rossum. Python
su dung co ché cap phat b nh¢ tu dong, c6 cau trac
dir liéu cp cao va cach tiép can don gian nhung hiéu
qua d6i voi lap trinh hudng déi tugng.
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Cu phép 1énh caa Python rat rd rang, cach cai dat
cling rat don gian. Dé cai dat Python vao trang web:
https://www.python.org/downloads/ tai vé phién
ban pht hop voi hé diéu hanh dang sir dung va cai
dat. Sau khi tai vé thanh cong, tai cira s6 cmd cua
Python thuc hién cau 1énh: print ("Hello Python"),
Python s€ in ra man hinh dong Hello Python.

Python ¢6 nhiéu thu vién dugc phat trién dudi
dang ma ngudn ma, rat phd bién va hiru ich trong
phan tich va dac biét véi xu Iy phd. Goi Numpy gitp
thao tac véi cac mang da chiéu, sinh di ligu va thyc
hién cac phép bién doi dir liéu cac ham toan hoc. Géi
Matplotlib gitp mé phong, phan tich di liéu, vé cac
biéu dd, 46 thi. Goi Pandas giup té chirc, di sau, trinh
bay va thao tac don gian hon vai dir liéu. Thu vién
SciPy gém cac goi ding cho dai s6 tuyén tinh, tich
hop va thong ké. TensorFlow 1a mot thu vién may
hoc dugc dung trong Python gitp viéc phan tich va
mé phong dir liéu hiéu qua va thuyc té& hon
(Fredericks et al., 2021). Scikits duoc thiét ké cho
cac chirc ning chuyén biét nhu xir Iy dnh va hd tro
may hoc trong Python.

Céc thu vién c6 thé dugc nap vao Python nhu
sau:

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

import matplotlib.gridspec as gridspec
2.2. Thiét bi do phé XRD

Thiét bi XRD duoc thiét ké trong vé boc bang
thép vai cira lua duge 16t chi dé hé thdng thyc sw an
toan vé mat birc xa. Khong gian bén trong thiét bi
XRD réong rdi v6i hé thdng chiu sang cho phép
quan sat d& dang hoat dong cua hé théng. May do
nhidu xa tia X dugc mod ta nhu Hinh 1 (Ngudn:
Trung tim Dich vy Phan tich Thi nghiém Thanh phd
Ho Chi Minh). May do nhidu xa tia X hién nay c6
su két hop gitra may phong tia X, may dém va may
tinh.
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Hinh 1. May do nhiéu xa tia X (Nguén: Case.vn)

May dém duoc két noi véi gia dung mau bang xung trén mot don vi thoi gian) va goc 20 (do). So
mot hé thong co khi chinh xac va chuyén dong trén d6 nguyén ly méay do nhicu xa tia X dugc mo ta
cung tron ABC. Két qua thu duogc l1a mot gian dd trong Hinh 2.
nhiéu xa thé hién mdi quan hé giira cuong do (sb

B
C ,
N May dém

May phong tia X \

Vong giac ke

Hinh 2. So dd nguyén ly may do nhiéu xa tia X
2.3. Nguyén tic do phd XRD n = 2dsin® 1)

Phé nhiéu xa 1a su phu thugc cua cuong d6 nhidu

. LR e e sy fa et - ' Trong d6, n 1a s6 nguyén dugc goi 14 bac nhiéu
Xa vao 2 lan goc nhiéu xa (20). Budc song ciia chum

Xa.
tia X 1a A, g6c phan xa 6 va khoang cach giira hai ) o ’ o . v
mit phing song song d lién hé véi nhau qua phuong So do tia toi va tia phan xa trén tinh thé dugc chi
trinhVuff-Bragg: ra & Hinh 3.
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Hinh 3. So d6 tia téi va tia phan xa trén tinh thé

Phuong trinh Vulf- Bragg 1a phuong trinh co ban
dé nghién ctiu cdu tric tinh thé. Dya vao goc 0 va A
theo cong thirc (1) dé tim d, so sanh gia tri d vira tim
dugc vai gid tri d chuan s& xac dinh dugc thanh phan
c4u triic mang tinh thé caa chét can nghién ctu.
2.4. Phan tich va xir Iy s6 liéu phé XRD thuc
nghiém

Ph6é XRD bao gém céc dinh c6 cudng do khac
nhau. Méi dinh twong ing véi mot phan xa cua ho
mit nao d6. Tir phd XRD s& thu duoc cac thong tin
vé khoang cach giira cac mat, cuong do tuong doi
cia mdi dinh, qua dé xac dinh duge: kich thuéc,
hinh dang caa 6 don vi, $6 nguyén tir va vi tri cac
nguyén tir trong 6 don vi. Khoang cach d gitta cac
mat mang phu thudc vao kich thude 6 co sé cho biét
vi tri cta cac dinh. Bé rong caa dinh va hinh dang
cua dinh phu thugc vao diéu kién do ciing nhu mot
sb thudc tinh cua vat liéu chang han nhu kich thugc

hat. Cuong d6 cua dinh phu thudc vao su sip xép
cau truc tinh thé, vi tri cua cac nguyén ti trong 6 co
so va sy dao dong nhiét cua cac nguyén tir.

Viéc phén tich phd XRD dé xac dinh cac vat lidu
chua biét, kiém tra sy don pha (d9 tinh khiét), xac
dinh kich thudc tinh thé, nghién ctru tinh chét bién
d6i nhiét ciia vat liéu, phan tich dinh luong, x4c dinh
cAu triic tinh thé.

Céc sb lieu thu duoc tir may do phé nhidu xa
XRD thuong chira hai thong s6 1a cuong do va hai
lan géc nhiéu xa. Dt liéu c6 thé dugc luu trir 13 tap
tin Excel c¢6 dudi “.csv”.

Dé dua dit liéu vao Python, ta dung ct phap:

data_set = pd.read_csv(file_string).to_numpy()

file_string = r'data.csv' # data.csv: tdp tin can
Xwr Iy

500 1

{
400 %

300 1

Cuong do

200

100 1

26 (%)

Hinh 4. Phd XRD ciia miu bt 6t chwa dwoc xir Iy
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Pho XRD caa mot loai mau bot 6t duge do tai
Phong thi nghiém nhiéu xa Tia X thuoc Khoa Khoa
hoc Ty nhién, Truong Pai hoc Can Tho. Phé XRD
cua bot ot duoc biéu din trén Hinh 4 bao gdm goc
20 va cuong d6. Phd XRD cua bot 6t chua dwoc x6a
phéng nén, can duoc phan tich va xur Iy va tim cac
thong s6 mau.

Céc s lieu tir phd XRD can duoc phan tich va
xtr Iy dé c6 thé xac dinh dwoc loai vat li¢u. Budc dau
tién trong xir Iy phd XRD thu duogc 1a x6a phong nén
sau d6 moi tién hanh x4c dinh cac thong sb khéc.
Phé XRD caa mau bot 6t di x6a phong dwoc biéu
dién boi Hinh 5. Phé XRD cua mau bot 6t 1a dang
mau bao gom rat nhidu khoang chit khac nhau nén

Tdp 58, S6 1A (2022): 71-81

¢6 rat nhiéu dinh. Vi vay, dé kiém tra mau c6 mat
khodng chat thi can xem xét cac dinh pho cua chat
d6 vai pho XRD chuan.

Dé khai thac cac goi thu vién co san trong
Python, cu phap sau dugc st dung:

pip install package-name # package-name la tén
ham can dung

pip install xrayutilities # xrayutilities chiza cdc
cdu Iénh ve XRD dé xur Iy pho XRD.

Céc cong cu hd trg phan tich va xir Iy dit liéu
trong Python rat da dang va mién phi, ngudi sur dung
c6 thé tai ve va cai dat.

100 1
m_
3
S g
.crg.
=]
=
.-g _q_n_
[
20 1
I]-

26 (%)

Hinh 5. Phé XRD ciia miu bt 6t da dwoc xir Iy x6a phdng nén

Trong nghién ctu nay, s ligu cua mau
Cs,AgBIBrs va viéc xir Iy pho XRD véi may hoc
duogc tham khao va tra ciru tir nhom PVLab (Oviedo
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et al., 2019). Pho XRD ciia mau Cs,AgBiBrs bao
gom rat nhiéu dinh va dugc biéu dién nhu Hinh 6.
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Hinh 6. Phd XRD ciia Cs2AgBiBr6 chwa dwgc xir ly

Céc dinh va so sanh céc dinh phé XRD giita mau duoc loai vat ligu can nghién ctu. Viée tim céc dinh
can khéao sat va mau chuan cin duoc tim dé biét cua pho XRD cua mau CsAgBiBrs duoc bicu dien
trén Hinh 7.

10 1 = Pha XRD dugc xr Iy
0.8 1

06 1

04 4

0.2 1

0.0 1

I
10 20 30 40 50 &0

Hinh 7. Phé XRD ciia Cs;AgBiBrs dwec Xir Iy

Cac dinh phd XRD cia miu Cs;AgBiBrs dugc ~ duoc loai bo. Viéc loai bo cac dinh khong phu hop
chon sao cho phi hop, cac dinh khong phi hop s& cua pho XRD cua mau Cs,AgBiBrs dugc biéu dién
trén Hinh 8.
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2.5. Mé phéng phé XRD bing phan mém
Python

Phd XRD c6 thé duge lam khop véi dinh theo
ham Gauss, Lorentzians, hodc Voigt. Trong nghién
ctru nay, phdo XRD dugc 1am khop véi ham Gauss
theo phuong trinh:

_G=w?

f(x) = Ae 242 2

Trong d6, A la cuong do cuc dai cua dinh can
lam khép, p 1a tri trung binh ciia phén b6 Gauss, o
la bé rong ctia dinh.

Dé danh gia su phu hop gitra pho thuc nghiém
va pho mé phong, h¢ so FOM (Figure Of Merit)
duoc dua ra. HE s6 FOM duoc cho baoi:

FOM = Zp|Yex_Yfit|

Yp Vfit

trong d6, yey 1a cudng do phé XRD thuc
nghiém, yg; 1a cuong d6 pho XRD theo m6 phong.

Tdp 58, S6 1A (2022): 71-81

Hé s6 FOM cang nho thi ph6 dugc 1am khop cang
pht hop véi pho thuc nghiém.
Trong Python, dé khai bao ham ta dung ct phép:
def ten_ham(param...): # ten_ham la tén cua

ham mudn ddt, param... la cac tham sé muon truyéen
vao ham, néu khong co tham so thi dé trong.

def gaussian(x, A, u, o): # khai bao ham Gauss
_return A*np.exp((-(x- ) **2.0)/ 0 **2.0) # tra vé
két qua ham
Phd XRD véi mét dinh
i Hai thong ) c}linh la cuong do va 26 duoc chon
dé mé phong pho XRD véi mot dinh don. Trong

Python, cic thong sé mé phong duoc nhap vao nhu
sau:

initials = [[1469.19, 45.48, 0.18]] # initials tén
bién

1400
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1000
&0
‘G 800
[=]
5
S e00
QO
400
200
0
40 £ P 45 48 50
300
o
=]
N
o 0
i3
=
F
-300 . :
2 2 2 16 P 50

26 (9)

Hinh 9. Phé XRD dwoc md phéng véi mot dinh don

Ph6 XRD véi mot dinh don dwoc mé phong theo
ham Gauss dugc biéu dién trong Hinh 9. Phd dugc
mo phong Véi cac thong sd bao gom goc 20 1a
45,48°, cuong d6 dinh cuc dai 1a 1469,19. Phé ¢ bé
rong duoc xac dinh dua vao théng sé o va duoc diéu
chinh cho phu hop tuong &ng véi phéd can so sanh.

Phé XRD véi nhiéu dinh

Trong thyc té, phd XRD bao gom rat nhi¢u dinh
pthrc tap, d€ c6 pho XRD nhu thuc nghiém ta can
tong hop cac pho XRD tir phé cua nhiéu dinh don.



Tap chi Khoa hoc Truong Pai hoc Cén Tho

Tdp 58, S6 1A (2022): 71-81

1400

1200

1000

BOO

Cudng do

600

200

150

Thang du

—150 T
42

26 (%)

Hinh 10: Phé XRD ciia Cs2AgBiBrs dwge mé phéng tir nhiéu dinh

~ Pho XRD vsi nhiéu dinh don dugc mé phong va
tong hop tir ham Gauss duoc biéu dién trong Hinh
10.

Trong Python, cac thong sé md phong dugc nhap
vao nhu sau:

initials = [ [143.19, 41.93, 0.18], [189.19, 43.53,
0.18], [142.21, 44.33,0.18], [1469.01, 45.48, 0.18],
[158.33, 46.84, 0.18], [248.52, 48.43, 0.18] ]

Phé XRD dugc mé phong véi cac thong sb bao
gdém sau dinh twong tng véi goc 201 va cuong do
dinh cuc dai. B& rong cua mdi phd dwoc xac dinh
qua thong s o va dugc diéu chinh cho phu hop Vi
phé XRD thyc nghiém.

3. KET QUA VA THAO LUAN

Trong linh vuc xéc dinh chiéu xa thuc pham, su
c6 mdt cua silicat c¢6 trong thuc pham can duogc
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khang dinh hay khong can ding phuong phap XRD
dé phan tich. Vi vay, & day, bot silicat cristobalite
dugc st dung cho nghién ctru (Downs et al., 1993).
Phd XRD cua silicat cristobalite 1a phd ¢ nhiéu
dinh nhung chi ¢c6 mot dinh chinh duy nhat ¢ vi tri
20 = 22,01° ¢6 cuong do manh, con céc dinh con lai
g vai cac goc 20 khac co cudng do rat nho.

Pau tién, phd XRD thyc nghiém va mo phong
duoc biéu dién & trong khoang goc 26 tir 20 dén 30°
dé ddi chiéu va so sanh 1an nhau (Hinh 11). Két qua
cho thay phd XRD ciia mé phong va thyc nghiém
turong dong voi nhau. Hé s6 lam khép phd (FOM)
nho cho thiy sy khac biét khong 16n giira phd mé
phong va thuc nghiém. Két qua mé phong cho thay
phd XRD nam & vi tri dinh 20 = 22,01° ¢6 cudng do
cuc dai, cac dinh con lai c6 cuong do rat nho, khong
dang ké.
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Hinh 11: Phé XRD cuaa silica cristobalite véi 20 tir 20-30°

Viéc mé phong va thuc nghiém phd XRD cua nghiém la trong ddng nhau, FOM = 0,09, dinh chinh
silicat cristobalite trén toan b goc nhiéu xa 20 duoc cua pho XRD cua silicat cristobalite nam ¢ 20 =
cho bai Hinh 12. Két qua cho thay mo phong va thuc 22,01°.

100 *  Thuc nghiém
FOM = 0.00905781 Mo phong
80
g w
[=]
5
g %
20
0 !I ‘ aa bl A L Al & aa as
20 40 &0 &
=] 15
o
o 0 | l i e N | P S W W T Y Ak
c l 1
a5
L
= s . . . .
20 40 60 B0
20 (°)
Hinh 12: Phé XRD ciia kho4ng silica cristobalite
Ké dén, dé danh gia ddy du hon viéc xit Iy va mo phong dugc ,b_iéu dién & trong khoang goc 20 tir 40
phong phé XRD, phd XRD cua tinh thé Cs,AgBiBrs dén 50° @ doi chiéu va so sanh véi nhau (Hinh 13).
duoc sir dung (Oviedo et al., 2019). Bay la dang pho Két qua 1am khop phd, hé sb 1am khop phé

XR,D co nhié‘i di‘lh ChinP voi cac cuong _@}@ cuce d?‘j (FOM) rat nho cho thay su khac biét khong 16n giita
khac nhau. Pau tién, phé XRD thuc nghiém va mo
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phd moé phong va thuc nghiém. Két qua mo phong cuong d6 cuc dai, cac dinh con lai c6 cuong do rat
cho thay phd XRD nam & vi tri dinh 20 = 45,48° ¢6 nho, khong dang keé.
1400 ®  Thuc nghiém
FOM = 0.00001029 — f:'l" phong
1200 A — P2
— P3
1000 A P4
< — P5
] P&
o 800 o7
fis] 2]
=1 4
o 600
400 4
200 1 h
04 LD SN
0 2 P %6 4 50
1540
5
=
2 0
Hi+0
=
’_
=150 T T T T T T
40 42 44 45 45 50
20 (%)

Hinh 13: Phé XRD cia tinh thé Cs2AgBiBrs véi 26 tir 40-50°

Viéc mé phong va thyuc nghiém phd XRD cua Cs;AgBiBre trén toan bd goc nhidu xa 26 dugc thé hién ¢
Hinh 13. Két qua cho thiy mo phong va thuc 1674,19, 1210,21, 1474,01, 1153,33, 1469,52; cac

nghiém ciia phd XRD ciia cristobalite la trong dong ~ dinh con lai cia pho XRD ciia cristobalite twong tng
nhau, FOM = 0,00001, cac dinh chinh ndm & vi tri Vi cac vi tri 26 khac cé cuong d6 thap.
29 'aﬂ luot 1a ,15’61’ ,%2’2,0’ 27"43’ 31:84’ 39,19, Céc két qua mo phong phd XRD cua mau silica
4548 tong ng Vi che cuong do 102311, cristobalite va Cs;AgBiBrs dugc thé hién & Bang 1.
3500 4 Thue nghiém
FOM = 0.00001613 Ma phang
3000 4
2500 A
s
S 2000 A
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B 1500
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Hinh 14: Lam khép phé XRD cia tinh thé Cs:AgBiBrs
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Bang 1. Két qua mé phéng cia miu silica cristobalite va Cs2AgBiBr6

Méu Pinh chinh Vitridinh20 ()  Cuong d§ dinh FOM
cristobalite 1 22,01 100,19 0,009
Cs2AgBiBr6 1 15,61 1023,11 0,00001

2 22,20 1674,19

3 27,43 1210,21

4 31,84 1474,01

5 39,19 1153,33

6 45,48 1469,52

Nhu vay, déi vai silica cristobalite, phé XRD c6
mot dinh chinh con d6i véi tinh thé Cs,AgBIBre thi
pho XRD c¢6 sau dinh chinh.

Trong nghién ciru niy, phd XRD da duge phan
tich, xtr Iy bang phan mém Python. Két qua phan
tich cho thdy phé XRD la dang phé tuan theo ham
Gauss gom hai truc véi goc nhidu xa va cuong d6 co
nhiéu dinh chinh. Khi phan tich, ph6 phong nén va
cac dinh pho c6 cudng d6 thap can duoc loai bo.
Viéc xtr Iy phd XRD bang phan mém Python rat
thuan loi do no chua céc thu vién hd tro 1on tir cong
ddng ngudi dung dua 1én, c6 thé tai vé va cai dat
mién phi.

Cac mau thyc nghiém 1a hai mau silica
cristobalite va Cs;AgBiBrs dugc mé phong va dua
vao hé s6 s6 sai khac phd FOM dé danh gia qua trinh
moé phong so vai thuc nghiém. Ngoai ra, thong sb
thang du (Residuals) ciing 1a mot cong cu dé danh
gia qua trinh sai khac gilra m6 phong va thyc nghiém
dugc thé hién bang hinh anh cubi do thi (Hinh 13).
Phuong phap mé phong phd XRD bang phan mém
Python c6 thé dugc dung dé phan tich, danh gia két
qua thyc nghiém, tinh cac thong s cia mau vat ligu.

Trong nghién ctru x4c dinh thanh phan dinh tinh
cua vat liéu, viéc xac dinh trong mau cé su xuat hién
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cua khoang chét, hop chat nao d6 mot cach cu thé
dong vai tro rat quan trong. Tir phd XRD cua mau
bot 6t ban dau c6 dang phuc tap, da dinh, théng qua
qué trinh phan tich, xir Iy va mé phong, silicat
cristobalite c6 trong mau bot 6t duoc xac dinh trong
nghién ctru, 1am tién dé cho nghién ctru xac dinh
thuc pham chiéu xa bang co ché nhiét phat quang
(Sang, 2013).

4. KET LUAN

Bai béo trinh bay vé phuwong phap do phd XRD
va g dung ciia n6 trong khoa hoc vat ligu. Phan
mém Python dugc sir dung dé phan tich, xtr 1y va md
phong cac dinh phdé XRD. Két qua mé phong va
thuc nghiém 1a twong dong véi nhau thé hién qua hé
s6 1am khép phé FOM nho. Két qua phd XRD cua
mAau bot 6t c6 mot dinh chinh nam & vi tri 20 =
22,01° ¢6 cuong d6 cyuc dai cho thdy trong bot 6t co
thanh phan cua khoang chét silicat. Nghién citu cho
thdy viéc phan tich, xir Iy va mé phong bang phan
mém Python d6i v&i phd XRD c¢6 thé xac dinh duoc
su ¢6 mit cua khoang chat bén trong mau vat lidu
lam co s& cho céc nghién ctru lién quan dén vat liéu,
x4c dinh mau thyc pham da chiéu xa.
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