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This paper discusses the use of Matlab/Simulink as a base tool for both
simulation and solution to raw mix calculation in clinker production in
cement plant. Since this environment allows us to construct intuitive
block- diagram models, it can be used as a good training and research
tool to investigate intricate processes visually, safely, and inexpensively.
In clinker manufacture, in addition to technological and operational
parameters, the chemical composition of raw materials, mainly its

Matlab

Raw mix calculation
Clinker production
Simulation

Cement industry

principal oxides (CaO, SiOz, Al.Os, Fe20s3,), is very important for product
quality control. Based on this foundation, the paper develops a raw mix
calculation process and to build a Matlab/Simulink model in order to
simulate the links between the different raw material components, and
assess the effect of changes in mix proportions on clinker properties.
Simulation results show that the model can deliver accurate outcomes
with high reliability, presenting a clear and flexible tool to better assist
learners and researchers for an effective approach to real production
processes by maintaining technology optimization. The work can be
summed up as follows: the use of Simulink for raw mix computations not
only improves efficiency in teaching and learning, but also has practical
implications in industry for cement production.
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Cong nghiép xi mang

Bai bao trinh bay nghién cu tng dung Matlab/Simulink trong mé phong
va giai bai toan tinh phdi liéu cho san xuit Clinker tai nha may xi méng.
Simulink dugc danh gia la cong cu hiéu qua trong dao tao va nghién ciru
nho kha ning xay dung mé hinh truc quan, dé thao tac, gitp phan tich cac
qué trinh phirc tap mot cach sinh dong, an toan va tiét kiém chi phi. Trong
san xuit Clinker, bén canh yéu t6 cong nghé va k¥ thuat van hanh, thanh
phan hoa hoc ciia nguyén liéu, dic biét 1a cac oxit chinh nhu CaO, SiO»,
ALOs, Fe;0s, dong vai tro then chdt quyét dinh chét lwong san pham. Trén
co s& d6, bai bao xdy dung quy trinh tinh toan phdi ligu va trién khai mo
hinh trén Matlab/Simulink nham mé phong quan hé giira cac thanh phan
nguyén liéu, ddng thoi danh gia anh huong cua sy thay ddi ty 18 phdi tron
dén chét luogng Clinker. Két qua mé phong cho thiy mé hinh dap tng tét
yéu cau thyc tidn, cung cép cong cu truc quan, tin cay, hd tro ngudi hoc va
nha nghién ctu tiép can nhanh hon véi qua trinh san xuét, déng thoi mé ra
kha nang t6i wu hoa cong nghé. Két luan cua nghién ciru khing dinh viéc
ng dung Simulink trong tinh phdi liéu vira ¢ gi4 tri trong giang day — hoc
tap, vira mang y nghia thyc tién ddi vi san xuat xi ming.
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1. Gi6i thiéu

Nganh c6ng nghiép xi ming giir vai trd then chdt trong phat trién ha ting, song lai bao gém
nhitng quy trinh hét strc phtc tap, dac bi¢t & khau san xuét clinker — giai doan trung tam cua toan
bd day chuyén. Chét luong clinker khong chi phu thudc vao cong nghé 10 nung va diéu kién van
hanh, ma quan trong hon 14 thanh phan hoa hoc cia nguyén lidu du vao, dic biét cac oxit chinh
CaO, Si02, AL:Os va Fe:0; [1] - [3]. Do dd, viéc tinh toan chinh xac ty 1¢ phéi liéu duoc coi 1a
bude cbt 16i nham dam bao chat luong clinker va hi¢u qua san XUuat.

Trong nhitng nim gin day, cac cong cu sb va ky thuat mo phong ngay cang dugc ung dung
rong réi trong dao tao ky thudt va nghién ciru céng nghiép, nham ning cao chat luong giang day
cling nhu rat ngian khoang cach giita 1y thuyét va thuc tién. Matlab voi cong cu Simulink duoc
danh gia 1a mot trong nhitng moi trudng md phong manh mé nhat nhd kha ning mé hinh hoa hé
thdng dong dudi dang so d6 khdi, cho phép phan tich nhiéu kich ban khac nhau mét cach truc
quan, an toan va tiét kiém chi phi [4] - [6].

Mic du di c6 nhiéu nghién ciru tap trung vao t6i wu hoa chat luong clinker va tinh toan phdi
lidu dya trén cac phuong phap hoa hoc, théng ké hay nhiét dong [1] - [3], [7], [8], nhung Van con
thiéu cac md hinh m6 phong c6 thé ap dung dong thoi cho ca dao tao va thuce tién san xuat. Cac
nghién ctu quoc té gan day di nhin manh tiém ning ctia mod hinh mé phong dong [4], [5],
phuong phap kiém chimg thuc nghiém [9], cling nhu cac ky thuat tri tué nhéan tao trong dy doan
va tbi uu chat lugng clinker [10]. Bén canh do, cac phuong phap mé phong nhiét dong cling dugce
dé xuat nham tSi wu hoa phdi lidu voi nguyén liéu thay thé, gop phan vao muc tiéu san xuét xi
ming bén vimg [11].

Céc phuong phap truyén thong dé tinh phdi liéu chu yéu dia trén can bang hoa hoc theo hé s6
bao hoa v6i, moé dun silic va m6 dun nhém, dugc xac dinh tir phan tich hoa hoc nguyén licu dau
vao. Tuy nhién, cac phuong phap nay thudng yéu cau nhiéu lan 1ap tinh thi cong, thiéu kha ning
phan tich d6 nhay va du bao khi thanh phan nguyén liéu thay d6i. Gan déy, cac k§ thuat tinh toan
hién dai két hop t6i uu hod, mo phéng dong va tri tu€ nhan tao ciing duoc nghién ciru dé cai thién
dd chinh xac va gidm chi phi thi nghiém.

Nghién ciru nay nham xiy dung mo hinh Matlab/Simulink dé mo _phong qua trinh tinh phdi
lidu trong san xuét clinker. M6 hinh cho phép xéac dinh cac chi tiéu chat lwong quan trong nhu hé
s6 bio hoa voi (LSF), mddun silic (SIM) va mddun nhém (ALM), tép trung vao viée xac dinh ty
1& phéi liéu hop ly, chua di sdu phan tich dinh lugng anh hudng cua cac kich ban thay doi ty 1&
ph01 tron dén cac tinh chit khac cua clinker. Pong gop chinh cta nghién ctru bao gom: (i) cung
cap cong cu mo6 phong tryc quan, linh hoat, gop phan nang cao hiéu qua giang day va hoc tap
trong linh vyc c6ng nghé xi mang; va (ii) dé xuat khung tmg dung thuc tién hd tro tdi vu hoa quy
trinh san xuét clinker trong cac nha may xi méang.

2. Phwong phap nghién ciru

Gia str ta can chay phdi liéu gom tir 1 dén n ciu tir c6 céc thanh phan hoa hoc twong ung véi 4
0 xit chinh sau:

Cautirl: C; A; S Fy

Cauter2: C, A, S, F,

Cautan: C, A, S, F,

V6iC, S, A, F 1a thanh phan % theo khéi luong cac oxit CaO, SiO,, Al,Os, Fe,05trong Clinker.

2.1. Quy trinh tinh todn
2.1.1. Lyra chon hé s6 va médun Clinker ché tao

Tuy theo phuong phéap san Xuét va yéu cau chat luong Clinker ma ngudi ta chon hé s6 bdo hoa voi
va cac modun silic, médun Alumin sao cho hop li (cao hay thap). Co6 cac hé s6 moé dun co ban sau:
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- Hé s bio hoa voi duoc tinh nhu sau: LSF = 100C Q)
2,85 +118.A+0,65.F

Vi xi mang Pooclang thuong: LSF = 95100

- Modun silic: SIM = 2
A+F
Vi xi mang Pooclang thi SIM =1,7+3,5
A
- Mbédun nhém: ALM = E 3)

Vi xi mang Pooclang thi ALM =1+3
2.1.2. Chuyén tdt ca cdc nguyén liéu khé chua nung Vé dang khé da nung

Muc dich cua viéc nay 1a dé dong nhét gitra nguyén liéu kho khi chua nung vé trang thai
Clinker da kho. Vi trong qua trinh nung luyén Clinker c¢6 sy mat mat khoi lugng cua nguyén li¢u
do sy mat nudc hay sy chuyén hoa cac chat. Cong thirc chuyén doi nhu sau:

ok s°
C,=——" — x100 4  S,=—" %100 5)
100 — MKN, 100— MKN |
0 0
A= ™ 00 6 F.=— " 100 )
100— MKN,, 100— MKN,,

Trong d6: C,, S,, A,, F,: 1a thanh phén % theo khdi lugng cac 6 xit CaO, SiO,, Al,Os,
Fe,0; trong Clinker da nung cia cau tirthan; CJ, SO, AY, F? 1a thanh phan % theo khéi lugng
cac 6 xit CaO, SiO,, Al,03, Fe;O; trong Clinker trong nguyén li¢u khd chua nung cua CAu tur thur
n; MKN, 1a khéi lugng mat khi nung cta cau ta n.

2.1.3. Tinh todn cdc hé $6 va cdc mé dun cho timg Cau ti Ciia nguyén liéu

Sau khi tién hanh chuyén ddi giita nguyén liéu chua nung va Clinker da nung roi 4p dung cac cong
thuc (1), (2), (3) ta s€ tinh duge cac hé s6 cling nhu mé dun cua ting CAU tir trong nguyén li¢u.

Mat khéc, tuy theo tung loai xi ming ma ta c6 cac h¢ s6 va mo dun can cé cho mol loai
Clinker. Do d6 ta tinh dugc cac hé s6 sai léch cac thanh phin 6xit ciia nguyén liéu voi yéu cau.

Sai léch cuia oxit canxi cho ting cau tir Véi yéu cau:

AC,=C, (1 LSF ) (8)
LSF,
Sai léch ciia oxit silic cho tirng cau tir voi yéu cau:
SIM
(9)
SIM,
Sai léch ciia oxit nhom cho ting cau tir V6i yéu cau:
AA =A, (1 ALM ) (10)
) " ALM,

2.1.4. Xdc dinh ty 18 cdc cau tir ¢é trong nguyén liéu

Goi ty Ié cac cau tir khi tron vao nhau la X, Xy, X5..X,
Ta ¢6 phuong trinh lién hé sau:
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SAC,.X, = AC,.X, + AC,. X, +...+ AC,.X, =0

STAS, X, = AS, X, + AS,. X, +...+ AS, X, =0 (12)

i=1

SAA X, =AA X, +AA, X, +...+AA X, =0

i=1

dDX =X, +X, +...+ X, =1

Giai hé (11) ta tim dugc cac gia tri Xy, X,, Xs... X, Pay 1a ty 1& cac cAu tir trong Clinker kho
sau khi nung. Vi vy ta phai xac dinh dugc ty |€ cac cAu tir trong nguyén liéu dang kho trude khi
nung. Ta c6 mbi lién hé giira ty 1& cua cac cau tir trong Clinker va trong nguyén liéu khi chua
nung nhu sau:

0 X
X; = — x100 (12)
100 — MKN,

Tuy thude vao cong nghé san xuat xi mang duoc ap dung 1a cong nghé 10 ding hay cong nghé
16 quay ma trong nguyén liéu trude khi dua vao 16 ¢6 than hay khong co than tron cung. Néu la
cong nghé 10 quay thi trong nguyén lidu dua vao 16 khong ¢ than cam, con néu 1a cong nghé 16
dng thi nguoi ta phai tron than cam cung vai bot liéu trude khi dua vao 10.

Néu c6 than tron cung thi trong Clinker tao thanh bao gio ciing c¢6 thém luong tro than. Luong
nay c¢6 mat hoan toan khong anh hudng dén hod tinh ciia xi mang ma né chi co vai tro nhu 1a mot
phu gia tro. Khi tinh toan ty 1& cac thanh phan nguyén liéu ta ciing phai tinh dén n6é nhung cubi
cung chiing ta phai dua vé ty 1& cac thanh phan khong c6 tro than theo cong thirc sau:

1

X;
X? = ————x100(%) (13)
0o_
Z X than
Vi X? 1a ty Ié tro than trong thanh phan nguyén liéu.

Nguyen liéu dua vao 16 bao gio cling c6 mot do am nhat dinh. Tuy thuc vao cong nghé san
Xuit xi miang ma quyét dinh do am cua nguyén li¢u 1a bao nhiéu. Vi phuong phap u6t thi
nguyén li¢u vao 10 ¢ dang bun véi do am tur 36 +42%, v6i phuong phéap ban kho thi do a am tiéu
chuan 1a 12 +14%, voi phuong phap kho thi d6 4 qm nguyén liéu duoc khor)g ché tir 1+ 2%.

Trong khi tinh toan phoi li¢u ta ciing khong thé bo qua d am cua cac cau tir. Do d6 sau khi tinh
cho nguyén liéu kho thi ta can phai dua vé dang nguyén liéu bao gom d6 am theo coéng thic sau:

100
X% =X%(——) (14)
: ' 100 -W,
Vi W, 1a d6 4m ciia CAu tir thir i.
Tir két quéa nay, ta tinh duoc ty 1¢ % cac cAu tir tao nén nguyén liéu theo yéu cau theo cong thuc:
0

i=1

%X, =

% 100 (15)

2.2. Bai toan tinh phdi liéu cho nha mdy xi mang

_ Phuong phap san Xuat 1a cong nghé 10 quay, phuong phap kh6 nén trong thanh phan nguyén ligu
dau vao khong cé than cam va do am ciing khong cao. Nguyén liéu dau vao cho trong Bang 1.
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Bang 1. Thanh phan nguyén liéu dau vao

Nguyén Thanh phian hoa hoc

ligu C S A F Mg SO; CK MKN Z W
ba voi 53,9 0,9 0,6 0,3 0,4 0,1 0,79 43,01 100 15
ba sét 2,71 6153 15,99 6,84 1,61 0 3,18 8,14 100 105
Quang sat 1,30 41,80 6,40 42,4 0,3 0,3 0,10 7,40 100 11
Cat Silic 1,9 85,00 5,30 3,90 0,2 0,1 0,90 2,70 100 6,0

2.3. M6 hinh Matlab/Simulink gidi bai toan tinh phéi liéu cho nha mdy xi mdng

Tuy theo yéu cau cua Clinker xi ming ma ngudi ta lya chon hé sé va mé dun dua trén thanh
phén Cua cac 6xit chinh trong Clinker: CaO, SiO,, Al,Os, Fe,03. Trong bai toan nay ta chon:
% CaO = 66,5%; % SiO, = 21,75%; % Al,O; = 5,32%; % Fe,0; = 3,75%. Con lai 2,68% la thanh
phan céac 6xit khac nhu: R,0, TiO,, MgO, MnO,...

Sau khi ta dd chon duoc ty 1& cac 6xit trong thanh phan liéu dau vao, ta xdy dung mé hinh
Simulink nhu Hinh 1 dya vao cong thic (1), (2), (3) d¢ mo phong va tinh toan cac hé s6 va mod

dun cua Clinker:
51 untitled/Nhom?1 * M=

fifi.5
File Edit Wiew Simulation Format  Tools
. N ——
%Cal LSF Help
2175 N
Lp%smz O = ES -, >
S
532 | n 203
SERO
ALM
srezos MM I Tam) Fon -
375 —l_b
Nham1 ()]
Sln
Fend
B uEuE)
FenZ2 ALM
F100% odeds

Hinh 1. So' d6 mé phéng tinh cdc hé s6 va médun cua Clinker tir % cdc oxit
Sau khi tinh dugc cac hé s6 mo dun cua clinker, ta xay dyng mé hinh Simulink dga vao cong
thic (8), (9), (10) dé tinh sai 1éch tinh gitra cac 0 xit trong nguyén liéu so voi yéu cau nhu Hinh 2.
Hinh 3 1a m6 hinh Simulink gitp gidi hé phuong trinh (11) véi céc an la Xy, X;, X3, X4. Déy 1a ty
I¢ cac cau tir trong Clinker kho sau khi nung. Tur hé phuong trinh (11) ta c6:
1
X = ra (X, -CX -CX,)

X, = Si (—S,.X, —S,X, —§,X.)

X=X ax —ax, —ax)
T CAX AT,
X, =100—X —X,— X,

V6i cac khéi tinh toan trong Simulink gép ra va két ndi nhu Hinh 3 dé giap tim ra nghiém X;.
Néu hé cang nhiéu 4n, viéc sir dung Matlab/Simulink cang thé hién su wu viét so véi viée tinh
toan bang tay hay mot s6 phan mém khéc.

Ciing trong Hinh 3, cac an Xoz, Xoz, Xoz, Xos 12 ty 1€ cac cAu tu trong Clinker kho truéc khi
nung duoc tinh tir Xy, X5, X3, X4 thong qua ham Fen 12, 13, 14, 15 dua vao céng thic (12).
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SLT_C1 §§.§4

Display
66.5 | %Cao SLT_C2 » W
%CaO Displayl
suT_ca [
Display2
SLT_C4 [ 2403
Display3

21.75 P 26SiO2 SLT_S1 - -2.207

%Si02 Display4
SLT_S2 > 6.574
Display5

SLT_S3 > B81.17

%EFe203 Display6
5.32 P 26AI203 SLT_S4 P 64.68

%AI203 Display7

SLT_A1 »| [ 03068

Display8
SLT_A2 p-|[ 6845
Display9
3.75 | %6Fe203 SLT_A3 p-|[  58.02

Displayl10

SLT_A4 -0.17

Displayll

Subsystem

Hinh 2. So' d6 mé phéng tinh todn sai \éch tinh giita cdc éxit trong nguyén liéu

c1

>
Fend 13 Fen =
| P c2 Divide - x4
- fiu)
Fcnl = 2 o
[nic] [ Feoni2
fu) b Subtract
Fon2 Dividet
| =
_.1 ftu) | c4 |
I -afe
Fon3 DivideZ
= 151 -
() —>|1.5?Q (1-u(1 31 - o
Feniid.2) Fond 2 L B )
u 0z
i Lo Fon i3
FenS Subtract1
fiu) iy
Feoni
54
fiu)
Fon?
A
UiV uCd) fiu) n
-
Feng »3
Fenz(4.3]
@ | w2 > » W
—| - 203
Fend Lt Fenig
Subtractz
A
fiu)
Fenl0 100
Ad
fu) Constant -
Divides
Fent1 fvide > 4
> a
*0d
L Fonls
Subtract3

Hinh 3. So do tinh ty |é cau tir giita cdc 6 xit trong nguyén liéu sau khi nung va truéc khi nung
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-4
Fen(a.1) hat »
c2 Divide - 3l P04
- )
= »
2 M| Feniz
% Sublract
Divide1
e
B
Dividez
L = 7551
51 =§ .;—‘ —>| i) }—.‘{
i 2 2 FenlB 0
Fenl(4.2) > »
» Fon13
Subiractt ] _.| w H|
Foni7 X0z
» » 2902
—] i) |
Fonld 03
ezl N
o x3 02
P
En2EE) » W —>| 1w H 2505 |
» Fonla Fenid na
Subfracz

Fond Divides

)

Fonis

c¥Y YW
S
g
+

ubtractz

Hinh 4. So do tinh 1y 1é cdc thanh phan khéng ¢6 tro than

Fon(d. 1) Am

- )

Fonlz

Subtract
4
Fard Divide2
{3
g »
Divide3 N 2
»
o
»
Subbiact!
%FaB04
u(3yuid)
» X3
Fen2(d.3) »
»
> Fen1d Fen23 o Fen2? x4
P Divide8 >
»
g
.
»
5

ubtract?

Hinh 5. So do tinh 1y 1¢ thuc Ciia cdc cdu tir
Thong qua ham Fen 16, 17, 18, 19 1ap dya theo cong thuc (13) trong Hinh 4 tinh duoc ty 1€
cac thanh ph(:fm khéng co tro than XOl’v X()z’, Xoy, X04’.
Thong qua ham Fcn 20, 21, 22, 23 1ap dua theo cong thirc (14) trong Hinh 5 tinh duoc ty 1€
cac thanh phﬁn khong c6 tro than co6 chira 6 am Xor+, Xoars Xozrr Xoar.
Thong qua ham Fen 24, 25, 26, 27 1ap dua theo céng thire (15) trong Hinh 5 tinh dugc ty 1€ %
céc cAu tir tao nén nguyén lidu theo yéu cau X+, Xo:, X351, X4-.
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3. Két qua va ban luin

Tir Bang 1 ta chuyén cac nguyén liéu kho chua nung vé dang kho di nung theo cac cong thic
(4, (5), (6), (7). Ta duoc két qua ¢ Bang 2.
Bang 2. Thanh phan nguyén liéu sau khi chuyén doi vé dang khé da nung

Nguyén liéu Thanh phin hos hoc

[ S A F Mg SOs CK z
Da v6i (CaO) 94,578 1,579 1,053 0526 0,702 01175 1,386 100
Da sét (AL,O3) 295 66,982 17,407 7,446 1,753 0 3,462 100
Quing sit (Fe,0;) 1,404 45,14 6,911 45788 0,324 0324 0,108 100
Cat silic (Si0y) 1,953 87,359 4,008 5447 0206 04103 0925 100

Sau khi da chuyén d6i cac nguyeén liéu tur dang kho chwa nung vé dang kho da nung. Ta tinh
hé s va md dun ciia cic cau tir trong nguyén lidu theo cac cong thirc (1), (2), (3), két qua cho
trong Bang 3.

Bang 3. Cdc hé S6 va médun ciia cdc cau tir trong nguyén liéu

Nguyén ligu LSF SIM ALM
Da voi (Ca0) 1574,82 1,000 2,002
Da sét (ALO,) 1,385 2,695 2,338
Quing sét (Fe,0,) 0,854 0,857 0,151
Cat silic (Si0,) 0,770 9,239 1,359

Nhu vay, tuy theo yéu cau cua Clinker xi ming ma nguoi ta lya chon hé s6 va mé dun dua
trén thanh phan cua cac oxit chinh trong Clinker: CaO, SiO,, Al,O3, Fe,0s.

4. Két luan

Nghién ctru da xdy dyng thanh cong mé hinh Matlab/Simulink dé tinh toan phdi liéu san xuét
clinker dya trén cac chi tiéu co ban LSF, SIM va ALM. Két qua md phong cho thay mo hinh
phan anh chinh xac mdi quan hé giira thanh phan nguyén liéu va cac chi tiéu phdi liéu, dong thoi
cung cip cong cu thuan tién dé kiém tra nhanh anh huong cia viéc thay di ty 1é nguyén liéu dén
gi4 trj cac chi tiéu nay. Thuat toan duogc cai dit don gian, dé trién khai trong méi trudng dio tao
va hd trg ki su cong nghé trong viéc lya chon phéi liéu hop 1y. Cac két qua dat dugc khang dinh
tinh kha thi ciia phuong phap va la co s& cho cac nghién ctu mé rong trong tuong lai.

TAI LIEU THAM KHAO/ REFERENCES

[1] V. C. Phan, Portland Cement Production Technology. Hanoi, Vietnam: Science and Technology Publishing
House, 2004.

[2] V. C. Phan, Rotary Kiln Cement Production Technology. Hanoi, Vietnam: Science and Technology
Publishing House, 2004.

[3] Q. C. Nguyen, Cement Production Technology. Hanoi, Vietnam: Construction Publishing House, 2006.

[4] J. L. Svensen et al., “Dynamical Simulation Model of the Pyro-Process in Cement Clinker Production,” arXiv
preprint arXiv:2504.02886, Apr. 2025.

[5] J. L. Svensen et al., “A Dynamical Simulation Model of a Cement Clinker Rotary Kiln,” arXiv preprint
arXiv:2405.03200, May 2024.

[6] D. A. Nguyen, Automation of Production Processes, Hanoi, Vietham: Science and Technology Publishing
House, 2016.

[7] V. C. Phan, Vertical Kiln Cement Production Technology. Hanoi, Vietnam: Science and Technology
Publishing House, 2001.

[8] P. Hewlett, Lea’s Chemistry of Cement and Concrete, 5th ed. Oxford, UK: Butterworth-Heinemann, 2019.

[9] M. Tirkseven, “Modeling and validation of a clinker production process,” Journal of Process Control, vol.
136, pp. 103-115, 2025.

[10] S. J. Fayaz et al., “Industrial-scale Prediction of Cement Clinker Phases using Machine Learning,”
Communications Engineering, vol. 3, no. 1, pp. 1-12, May 2025.

[11] J. P. Gongalves, “Analysis and optimization of cement clinker quality using thermodynamic simulations,”
Cement and Concrete Research, vol. 175, 2024, Art. no. 106508.

http://jst.tnu.edu.vn 466 Email: jst@tnu.edu.vn





