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1. PAT VAN PE

Dé xdc dinh chinh xdc khdi lugng cia céc cdu tir pha rin trong nghién ctru dong hoc cua
céc phan tng di thé khong xdc téc, ngudi ta thuong ding phuwong phap do truc tiép trong luong
cua chiing, con goi la phuong phdp Gravimetry. bé nghién cuu cic phan Ung chuyén héa cacbon
trong cdc loai than va vat liéu chira cacbon khédc nhau, phuong phap Gravimetry cling dugc Gng
dung rong rdi [1 - 3]. Thé nhung trong nhiéu phong thi nghlem (dac biét ¢ nudc ta) dang phat
trién nghién ciru cac phan ng nay lai khong thé c6 thiét bi do chinh xic trong luong vat ran
trong subt qud trinh phén ung duoc, ma chi cé thé phéan tich dugc ham lugng chat khi trong dong
khi phan ng chang han cacbon monoxy (CO) va cacbondioxyt (CO) bang thiét bi phén tich tu
dong tryc tiép, hodc bang phuong phap sic ki khi.

Trong phong thi nghiém ciia B6 mén Méy & Thiét bi cong nghiép héa chat — Truong Dai
hoc Béch khoa Ha Noi, ham luong khi CO & CO, duoc phan tich tryc tiép bang thiét bi phin
tich khi tu dong INFRALYT cua Cong hoa lién bang Dric, trén co s¢ hé huong trinh ti luong
héa hoc twong tmg voi hé phan tng, da tinh todn duoc chinh xédc bién thién khoi luong cua tat
ca céc cau tu trong hé. Bai bdo trinh bay ng dung cua viéc thiét l1ap va gidi bai toan ti lugng hda
hoc trong thyc nghi€m nghién ctru dong hoc cac phan tng di thé khong xic téc.

2. HE PHUONG TRINH Ti LUONG HOA HQC
Trong mot hé ¢ N cau tir A, A,,..., Ay va giita chiing xay ra M phan mg héa hoc:
N
;vﬁA:O; i=1,2,...M (1)

bao gi¢ cling ¢6 R < M phan tng doc lap tuyén tinh va do dé6 chon duogc R céu tir chia khéa
tuong ung. Nguoi ta dinh nghia dg tién trién cua phan ting thanh phan thu j [4]:

An
X, = —= (2)
le.
voi: An ji + thay d6i s6 mol cia cau tir A; thdng qua phan mg tht j, (mol); v : hé s ti luong
clia céu tir A, trong phén tur th j.

Thay dbi s6 mol (lugng) ciia ciu tir A, thong qua tat ca cdc phan tng trong hé s& 1a:
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An. :Z"fj X, ,i=12..,N. (2a)

Hoac dudi dang ma tran:
(An) = (V)(X). 3)
H¢ (3) la phuong trinh co ban cua ti lugng héa hoc gom N phuong trinh, va phai xdc dinh
M 4n s6, chinh 1a d6 tién trién cia cic phén trng thanh phan

Trong cdc hé phan g phirc tap, dé mé ta hé chi can cdc phan tng doc 1ap tuyén tinh, cho
nén theo nguyén 1y cua ti lwong héa hoc, khi xac dinh dugc (béng thuc nghi¢m) thay dbi s6 mol
(lugng) cia cac cau tr chia khéa, c6 thé xdc dinh duge thay ddi s6 mol (lugng) cua tat ca céc
cAu tir trong hé. That vay, tir (3) ta c6:

(Ank)=(vlk)(Xk);k,1: 1,2,...,R (3a)

(An)=v,)(X); g=R+ L R+2..N (3b)

trong d6: (An, )= (An,,An,,...,An,): thay dbi s6 mol (lwong) cua céc ciu tir chia khoa;

(An,) = (An,,, Any,,,..Any ) : thay d6i s6 mol (lugng) cia cdc ciu tir khong chia khéa con lai.

3.NGHIEN CUU THUC NGHIEM PONG HQC CUA CAC PHAN UNG CHUYEN HOA
CACBON

3.1. M6 ta phwong phap xic dinh cic thong sé dong hoc

Pong hoc cia cdc phan ing chuyén héa cacbon bang H,O va CO,:
C+H,0—>CO+H, — 130 kJ/mol
C+CO, —»2CO — 170 kJ/mol

duogc nghién ciru thyc nghiém bang chuyén héa than gdo dira dot ham trong 106 quay & cdc nhiét
d0 khac nhau [5, 6, 7].
So d6 can bang cic cdu tir trong hé c6 thé mo ta nhu & hinh 1.
n=Cyve nf=Ccfv*

i i

—_— —

Hinh 1. So db thiét 1ap can bang chét cho céc cAu tir trong thiét bj phan &ng
(i: H,O, CO,; C)

Lo phan tng quay véi van toc 4 + 5 vong/phut, céc phan tir chét ran dugc dao tron déu va
dong pha lién tyc (tdc nhan oxy héa) chuyen dong manh, nhi¢t d6 cao nén xem thiét bi phén Gng
1a kiéu vi phén va ta c6 phuong trinh can bang chit cho céc ciu tir & pha lién tuc nhu sau [4].

88



9, _ _4iv(C.@) + div(DgradC) + £ v, @

Khi thiét bi 1am viéc dat trang thdi on dinh, ta c6:
i =i, +Vv,r, =0. (5)

Véi cdc phan tng di thé, phan ung chi xay ra trong céc phan tw chat rén chir khong phai la
trong toan bo thé tich khong gian thiét bi phan tng, cho nén phuong trinh can bang chit trong
truong hgp nay phai la:

n —n,+v.m..r=0 (6)

& day: n: dong tdc nhan oxy héa (H,O, CO,) di vao vung phan ung, (mol/phiit); 7, : dong tic
nhan oxy héa (H,O, CO,) di ra khéi vung phan rng, (mol/phiit); mc. lugng cacbon c6 trong vung

. . mol
phén g, (g); r: van toc chuyén héa tac nhan oxy hoa, .
g.phut
Biéu dién van tdc phan ng & dang ham liiy thira don gian ciia ndng do téc nhan oxy héa va
goi S 1a ti sO gitta van toc chuyén héa tdc nhan oxy hda va vén toc chuyén hda cacbon, tur (6) ta

c6: U, +v,.m.Sr=0
1) du, kSd
T (7
a-u, n;
. A,;li(chuyenlma) R M A A
voi: Ui = ————— D0 chuyén hoéa cua tdc nhan oxy hoa; k: hang s6 véan toc phan ung; o
n

bac phan tmg d6i v6i ndng do tic nhan oxy héa.

Giai phuong trinh (7) bang phwong phap ddng nhét thirc s& x4c dinh dugc hing sé vén tde
phan Gng k va bac phan ing & [5 - 7], trong d6 phai xac dinh dugc cic dai lugng thuc nghiém
¢6 mat trong phuong trinh 1a U; va mc, nghia la phéi x4c dinh dugc chinh xac Iugng cacbon ciing
nhu lugng tic nhin oxy héa da chuyén héa trong thoi gian phan tng bang tinh todn thong qua
viéc 1ap va giai h¢ phuong trinh ti lugng héa hoc.

3.2. Ap dung hé phwong trinh co bén cia ti lwong héa hoc, xac dinh cac dai lwong thuc
nghiém

Trong hé phan ting chuyén hda cacbon béng hoi nudc, xdy ra cic phan ung sau day:

C+H,0 — CO +H,-130 kJ/mol (a)
CO+H,0 —» CO,+H, + 40,4 kJ/mol (b)
C+CO, — 2CO —170  kJ/mol ()

1 rang, trong hé phan tng & trén thi phan ung (b) 1a phu thudc tuyén tinh v6i hai phan @ng con
lai [(a) + (c) = (b)]. Nhu vay, h¢ chi c6 02 phan tng doc 1ap tuyén tinh va ta chon 02 cAu ttr chia
khéa tuong ung la cacbon monoxyd (CO) va cacbon dioxyd (CO,). Ham Iugng cia hai cAu tur
nay trong hdn hop khi phan tmg c6 thé phan tich dwoc di nhay va du chinh xéc bang cic thiét bi
phan tich khi tw dong INFRALYT [5] hodc bing phuong phép sic ki khi.
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Xac dinh duogc thay ddi sb mol (lugng) cua hai cAu tir chia khéa bé'mg thuc nghiém voi viée
thiet 1ap va giai hé phuong trinh ti lugng héa hoc tuong ung voi hé, tinh todn dugc chinh xac
khoi Iugng cling nhu bién thién khoi luong cia tat ca cdc cau tir trong hé.

pé lap va giai hé phuong trinh ti lugng héa hoc (2) twong ting véi hé, ta 1ap ma trén hé s6 ti
luong tng voi cac phan ng ddc 1ap tuyen tinh (V).

Béng 1. Ma tran (V) va hé phwong trinh ti lwong héa hoc cho hé phan &ng chuyén
hoéa cacbon bang H,0

, Pk.lén ung j (a) () V& ohai Phuong
Cautui C+H,0—-CO+H, C+CO,—2CO P trinh
Chu tr| CO +1 +2 Anc, (k)
chia CO, 0 1 @
khoa Ancg,

Chu tr| H0 A
khong (2; 1 0 Mo (m)
chia q -1 -1 Anc ®)
khéa 2 +1 0

An,,, (P)

Goi X(X, X.) la vector cot do tién trién cua céc phan tng doc 1ap tuyén tinh cta hé, khai
trién phuong trinh (3) theo ma tran h¢ s6 (V) da thiét lap dugc & trén, ta duwoc hé phuong trinh
sau:

X, +2X_ =An, (k)
(3ay)
-Xe :ArlC02 1)
Giai hé (3a,) ta tinh duoc dd tién trién cta céc phan rng doc lap tuyén tinh:
X,=Anq,+2Ang,
(3ay)
X :—AnCoz

Khai trién cdc phuong trinh (m) va (n) nhu trén va tir (3a;) tinh dugc bién thién khdi lwong
cua cédc cau tir chia khéa theo hé phuong trinh (3b) ¢ trén, ta cé:

Any, , ==X, =—-Ang, —2An, (8)

An.=-X,— X, A o 2AnCO +An., =Ang, —AnCO ) 9)

Nhu vay, de giai phuong trinh (7) 6 trén nham xic dinh hang s6 vén toc phan ung k va bac
phan tng o tir s liéu thuc nghiém vé ham luong cacbon monoxyt (CO) va cacbon dioxyt (CO,)
da phan tich duogc, ta tinh dugc chinh xac Iugng nudc da chuyen hoéa va do dé6 1a Uy va lugng

pha rin mc trong viing phan tng bang cdc biéu thirc (8) va (9) da tim dugc tir 1ap va giai hé
phuong trinh ti luong cho hé.

Khai thdc phdn mém MATLAB va trén co s cdc s6 li¢u thyc nghiém da c6 [6], phuong
trinh (7) duoc giai theo so do thuit todn sau day, (hinh 2).
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Hinh 2. So db thuat toan xac dinh hang sb van téc phan (rng va bac phan trng
bang gidi phwong trinh (7) theo phwong phap ddng nhéat thire
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Két qua tinh todn dugc ghi tém tit trong bang 2.

Béng 2. Két qua tinh toan céc théng sé déng hoc ctia phan (rng chuyén héa cacbon
(trong than géo dira) béng H,O va CO,

ke o | saisok | E |k
Pt o) | )

H,0 800 0.0001569 0.29 10.2375

H,0 850 0.0002384 0.29 5.6251297 74463 0.6703

H,0 900 0.0003191 0.29 5.1803606

CO, 820 1.68E-04 0.16 4.9469582

CO, 860 2.37E-04 0.16 5.0182298 99253 7.3891

CO, 915 0.0003838 0.16 3.9975072

Khai thic phdn mém Matlab xiy dung duong thang Arrhenius.

do thi noi suy giua log(k) va 1/T voi chuyen hoa bang nuoc do thi noi suy giua log(k) va 1/T voi chuyen hoa bang CO2
T T T T T T T T T T T T

7.9 T T T 7.8
— ¢ —solieu tai 800C so lieu tai 820C
8- — & - solieu tai 850C | 7.9F s0 lieu tai 860C |
— & — solieu tai 900C " so lieu tai 915C
81 y = 8956.3° - 0.4 duong noi suy |4 -8f y = 119887 +2 duong noi suy | ]
8.2F 8.1
__ 83 82
= —
4 o)
S g4 5 8.3
-8.4
-8.5F
-8.5
-8.6F
-8.6
8.7
-8.7
88 . . . . . . . . .
85 86 87 88 89 9 91 92 93 94 95 88 . . . . . . .
1T x10* 84 85 86 8.7 838 8.9 9 9.1 9.2
T x10*

Hinh 3. D4 thi Arrhenius v&i chuyén hoa than géo dira bang hoi nwéc va bang khi CO,

Tinh dugc cic thong s6 dong hoc va thiét 1ap dugc md hinh dong hoc ciia phan tmg chuyén
héa cacbon bang H,0 va CO, nhu sau:

74463
R = 0,6703.exp(— WJ Cilo (10)
99253
R = 7,39.exp(— R—Tj Ceo: (11)
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4. KET LUAN

ba nghién ctru thyuc nghiém phan Ung chuyén héa cacbon trong than gao dua béng H,0O va
CO, ¢ cic nhiét d6 khic nhau, phan tich truc tlep ham luong cacbon monoxyt (CO) va cacbon
dioxyt (CO,) trong hdn hop khi phan tng nhu 1a xdc dinh bién thién khdi luong cua cdc clu tir
chia khéa cua hé.

P thiét lap va giai phuong trinh ti luong héa hoc twong Ung voi hé tinh todn bién thién
khdi lugng cua tit ca cc cdu tir trong h¢ va tir d6 da tinh duoc chinh xédc cdc dai lugng thuc
nghiém, giai phuong trinh cin bang chét cho thiét bi phan tng thi nghiém, xéc dinh cdc thong sb
dong hoc cua phan ng.

ba xdc lap dugc mod ta dong hoc cua phan tng chuyén hoa cacbon trong than gdo dira béng
H,0 va CO, va cho thdy ring bac cua phan mg xdc dinh dugc la thip so voi mot s0 két qua da
duoc cong bb. Didu d6 cho thay rang trong mién céc thong s6 cong nghé da tién hanh thyc
nghiém, nong d6 tic nhan oxy héa (H,O va CO,) ¢6 anh hudng khong 16n 1én tién trinh ciia phan
tng. Can phai nghién ctru dé tim dugc mot viing ndng do tic nhan oxy héa thich hop hon cho
phan tng.
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SUMMARY

APPLICATION OF STOICHIOMETRIC EQUATIONS SYSTEM TO INVESTIGATE
EXPERIMENTALLY REACTION KINETICS

Kinetics of the chemical conversion of carbon used H,O va CO, was experimentally
investigated. Due to analytical abilities, CO and CO, were chosen as key components. Based on
establishing and solving stoichiometric equations, the mass variations of all components in the
system were estimated. It allows determining the experimental parameters to give a kinetics
description of the reactions.

93



