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Nitrogen generator working by pressure swing adsorption cycle using carbon
molecular sieves adsorbent is widely used in industry at small and medium scale

in recent years, due to its convenience. This is equipment that uses a molecular
size selective adsorption technique to separate nitrogen from air. In general,
kinetic modeling and optimization are commonly used to analyze the process
dynamics of the adsorption column at various operating conditions in which
process parameters such as gas concentration, operating temperature and
pressure are considered to be functions of time and bed height. In this paper, a
mathematical model describing the adsorption column according to the pressure
function is established following time and the height of the bed assuming that the
velocity through area of the bed is constant at each pressure. The results of these
calculations are model parameters that describe the adsorption process of the
column. This model can be solved by MATLAB software to simulate the
adsorption process of the column. This study was carried out on a nitrogen gas
generator that was researched and designed at the Institute of Technology -
General Department of Defense Industry to simulate, optimize and scale-up.
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xudt vira va nho trong cong nghiép, thuc phédm va'y

iGi thiéu chun s A s P L s o
Gidi thieu chung té ma viéc van chuyén, su dung N, O; hoa long rat

Trén thé gidi, trong nhitng nam gan day da cé nhiéu
cong trinh nghién ciu vé cong nghé va thiét bi lam
viéc theo chu trinh PSA, TSA dugc cong bé [1] dé
phan tach cac loai khi t&t hdn hgp clia né trén cg s&
nén tang ly thuyét day da cla Douglas M. Ruthven,
Shamsuzzanman Farrog, Kent S. Knaebel (1994) [2].
Mot trong cac Ung dung I6n cua ki thuat phan tach
bang PSA la phan tach cac thanh phan khi N, O, va
Ar..tir khong khi d€ sit dung cho cac quy mé san

kho khan. Trén thé gidi cling da cd nhiéu cong trinh
nghién clu vé van dé nay dudc cong bd trén céc
phudng dién khac nhau vé vat liéu hdp phu sang
phan ti, chu trinh PSA, mé hinh toéan [3,4]..nhung
viéc nghién clu tinh toan cac théng sé déng hoc va
moé phdéng dé nang quy mdé cong nghiép con rat
han ché bdi cac két qua nay la ban quyén cla céc
hang san xuét vat liéu hap phu sang phan tu va thiét
bi PSA.
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J trong nudc, tai Vien Cong nghé - Téng cuc Cong
nghiép qudc phong da nghién clu, thiét ké va ché tao
thiét bi tao khi N, tir khéng khi st dung vat liéu hap
phu sang phan t& cacbon CMS-240, lam viéc theo chu
trinh PSA dé€ nghién clru mé phong, t6i uu hda thiét bi
va nang qui mé codng nghiép [5,6]. Cac nghién cltu da
dugc thuc hién: nghién cu mé phdng va téi uu héa
thiét bi bang phan mém Aspen Adsorption[7]; nghién
cltu qua trinh hap phu cda mét cot trong may tao khi
N[8]; nghién clu so sanh Iya chon chu trinh lam viéc
va t6i uu hoa thiét bj [9]; nghién cltu thanh phan, cau
tric cla vat liéu hap phu sang phan t&r CMS-240[10].
Nhung chua nghién clu thiét 1ap moé hinh toan va moé
phdng mo ta qué trinh lam viéc cla cbt. Trong ndi
dung nghién clu nay, viéc nghién clu phan tich va
tinh toan cac tham sé ctia md hinh la r&t quan trong.
Céc tham sé nay phu thudc vao ban chét cla vat liéy,
kich thudc cla thiét bi va ché dé lam viéc cla cét nhu
nhiét do, ap suét.

Nhu trong [3,4] d& cong bd cac gia thiét va cac mo
hinh toan mé ta cot hdp phu nhu sau:

- Céc gia thiét: cac phan tu trong céu tric dong la khi
ly tudng; phan tan hudng kinh 1a khéng dang ké chi co
phan tan doc truc; tinh chdt hdp phu trén toan cét
khéng déi; méi quan hé can bang du doédn theo
dudng dang nhiét Langmuir — Freundlich cla cac
thanh phén O, va Ny t6c dé chuyén khéi coi nhu
tuyén tinh; nhiét hdp phu va nha hép khéng dang ké
coi nhu ddng nhiét; t6n that 4p sudt qua cot tinh theo
Eugrun’s; cot ban dau sach khéng cd khéng khi; thanh
phan dau vao chi cé O, (79%) va N, (21%).

- Cac mo hinh toan mé ta cét hdp phu dugc thiét 1ap
(3.4

+ Phuong trinh can bang chat cho cdu ti i (su thay déi
ndng dé cla cdu t i theo thdi gian va theo chiéu cao
cot, vi du nhu Oy):
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+ Phuong trinh can bang déng luong Eugrun’s (t6n
théat ap suét theo chiéu cao cot:
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+ Phuong trinh can bang hdp phu (phuong trinh dang
nhiét Langmuir — Freundlich):
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Hinh 1: M6 hinh ¢t hép phu ¢& dinh sang phan tur
cacbon CMS-240

B&i vi phuang trinh (1) khéng thé kiém chiing dugc
bang thuc nghiém, viéc do dac su bién thién ndng dé
clia cdu tr bj hdp phu Ci theo thdi gian va theo chiéu
cao cla ¢t hét stic khod khan. Nguyén ly do va do
chinh xac cla thiét bi do ndng dé (Oy) thdp va cé doé
tré (nguyén ly do bang cam bién hdp phu). Nén ta cé
thé mé phong cot hdp phu theo ap suét vi nd cb cdm
bién chinh xac han, viéc kiém ching moé hinh dé dang
han.

TU Hinh 1, nghién cGu nay thiét lap phucng trinh can
bang mo ta su thay déi ap sudt riéng phén cta céu tir i
(02) theo thdi gian va theo chiéu cao cla cot bang
phuang phép giai tich,

+ Trong mét phan t8 thé tich dV. ta co:
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Hinh 2: M& hinh cu tric dong qua mot phan té thé
tich cot hédp phu

+ Phuong trinh céu tric dong chay qua phan té tiét
dién dVc c6 chiéu cao dz, phuang trinh can bang cia
cOt hép phu trong pha khi (G) va pha ran (S) nhu sau:

an(G)

(G) G)
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+ TU (8), (9) thuc hién cac phép bién déi gidi tich ta co
(10) va (11) :
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+ Céng 2 vé phuong trinh (10) va (11) ta c6 phuong

trinh can bang chét cho ca pha khi (G) va pha rén (S)
theo cdu tii (Oy) (12):
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+ Do & trang théi khi, ndng d6 cdu tir O, sé ty 1é vdéi ap
suét riéng phan clia O, => Nong dé O, trong pha ran

la ham cla ap suét riéng phan cla O trong pha khi

nén ta co g = f(py):
o _ a3 g
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+ Nén tu (12) ta co:

(13)

2
%4'(1—8)%%:— U ap| +e D a pl
ot op; ot 574 oz’

issue 1(2020) 01-07
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Phuang trinh (16) la phuong trinh toan mo ta su thay
déi &p suét riéng phan cla O, theo thdi gian va theo
chiéu cao cua cét. Bay la moét phuong trinh vi phan
dao ham riéng cép 2 vdi 2 bién s ddc 1ap (PDAE) vdi
ham la ap suét (pi), cac bién la thdi gian (t) va chiéu
cao cla cot (z) vdi cac gid thiét (khi Iy tudng, t6c do khi
khéng déi..). BE cb thé mé phong déng hoc cla cot
hdp phu, can thiét phai di tim nghiém cla phuong
trinh (16), trudc tién ta phai xac dinh cac tham sé cda
c6 nhu hang s6 Henry K, d6 x6p €, t6c db u (m/s) va
hé s6 khuéch tan doc truc Dy (cm?/s). Cac tham sé nay
phu thudc vao ban chat cla vat liéu, kich thudc cta cot
va thdng sé cong nghé lam viéc cta cot.

Trong d6 pi dugc coi la ham (ap suét riéng phéan cua
O, cdu tir bj hép phu), bar; con lai t la thai gian; z la
toa dé chiéu cao cla cot, m la cac bién sé.

Dong thai phai dat cac diéu kién dau va diéu kién
bién cla nd, phuong trinh (16) hoan toan gidi dugc
bang thuat toan Euler trén phan mém MATLAB.

Céc cobng thiic tinh toan cac tham sé ctia mé hinh
(16):

+ D6 x8p t6ng [8] - g=¢+e,(l-¢) @

_ Vi

+ Van téc qua cot [2]: zD? (18)
8 [
4

+ Hé s6 khuéch vung 1 1 1
chuyén tiép khi dp = A ——=—<—+t— (19)
[2] ’ DL DAB DK
Trong do:

+ Hé s6 khuéch tan phan t khi - Khuéch tén
phan t khi dp >> A [2]:

1
pue( 1, LY
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D,, = 0,00158
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+ Hé s6 khuéch tan Knudsen khi A << dp[2]:

1 /BRT ’ T
DK =§dp W=4850dp V‘ (21)

T la nhiét do6 cta hé [K]
Ma , Mz khéi lugng mol ctia 2 cau t&r Oz va N, [kg/kmol]
P & &p suét téng [atm]

oas €as la cac hé sé trong phuong trinh thé nang
Lennard-Jones

Que=(gas/kT) la ham s6 tich phan va cham

k=1,3806504.1023 1a hang s& Boltzmann (Ludwig
Bozmann).

Thuc nghiém va phucng phap nghién ctu

Déi tugng nghién ctiu

- Xay dung mo hinh thiét bi thi nghiém mét cot dugc
trinh bay trong Hinh 3 bao gém céc thiét bi chinh sau
day: F1-Loc sg cdp; C1-May nén khi Piston; T01-Binh
tich; D1-C6t Silicagen; B1-Cét hép phu CMS-240
(DxH=102x950mm) chi’a 3,5 kg CMS-240; T02-Binh
chlfa san pham; FMO1-Thiét bi do Iuu lugng khéng khi
dau vao; FM02-Thiét bj do luu lugng khi N> dau ra,
muc dich do su thay déi cla luu lugng theo thai gian;
CT02-Thiét bi do nong dé khi N> d&u ra, muc dich do
su thay ddi nong do khi N2 & dau ra cla cot theo thdi
gian; PT-01/06 6 cam bién do ap sudt 1dp dat theo
chiéu cao ¢ot (10cm/1 cdm bién), muc dich dé do su
thay d6i &p suét theo chiéu cao cla cot va theo thdi
gian. Cac cam bién nay dugc 1dp sau vao tam cot dé
do su khac biét (18p & sat thanh cét sé khong cod su
khéc biét vé ap suét); Cac van dugc diéu khién V1, V7
theo cai d&t va céc théng s6 do dugc truyén tin hiéu
vé may tinh PLC S7-1200 va dugc ghi lai trén may tinh
véi sy giam sat diéu khién bang giao dién SCADA
dugc 18p trinh bang WinCC V14. Muc dich xay dung
mo hinh nay dé nghién cltu, kiém chiing mé phong
mot cot theo phuong trinh (16).

Phuang phdp nghién ciu

- SU dung céc két qua phan tich vat liéu nhu ty trong
déng, ty trong hat va ty trong thuc dé xac dinh dé x&p
téng € clia vat liéu CMS-240 [8].

- SU dung cac két qud tinh toan xay dung md hinh
thiét bi thi nghiém mot cét [5] dé xac dinh cac kich
thudc cla cot.

- SUr dung céc cong thiec ly thuyét [2] dé tinh toan cac

tham s& khéc clia cét nhu téc do u, hé s& khuéch tan
doc truc Di. Céc tham s6 khac tra trong tai liéu tham
khao [2].

- St dung thuét toén Euler trén phan mém MATLAB dé
giai phuong trinh vi phan (16) dé mé phdng su thay
déi cla ap suét riéng phén theo thai gian va theo
chiéu cao cla cot Ung véi cac thong sé lam viéc cla
thiét bi va diéu kién dau, diéu kién bién cho trudc Ung
v3i ché doé cai dat, chay thr md hinh thiét bj.

SCADA Computer
Collect and process data

Communication Network
| T T 3

ﬁ Ethernet

€

€3

b
€

Hinh 3: M6 hinh thiét bi mot cot

Két qua va thao luan

Két qua tinh todn cdc tham sé cia mé hinh (16)

Bang 1.1: K&t qua tinh toan cac tham sé déng hoc &
mot s& ap sudt

TT | Apsudt p bar 1 5 8
Téc do
1 khi di Uc m/s 0,058 | 0,0194 | 0,0130
trong cot
2 Nhiét do T K 298 298 298
Ban kinh
3 | ciamao Ro 10%cm 2 2 2
quan
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Khdi
4 lugng kg/kmol 32 32 32
(e)
phan t

Hé s6
10
5 khuéch D« 592 592 592
cm?/s
tan dong

Hé s6
khuéch
10%.cm?/s 8,6 2,9 1,92
tan phan

tr

Hé s6
khuéch
10°cm?/s 8,5 2,87 1,92
tan doc

truc

Do x6p

8 . € - 0547 | 0547 | 0547
Cua CQt

Két qua nghién ciiu mé phdng mét cét
Vi cac tham s6 ciia mé hinh xac dinh dugc & trén
muc 1. Ta cé két qud md phong phuang trinh (16) véi
cac diéu kién dau va diéu kién bién:
+ Diéu kién dau:
Ap suét riéng phan tai x=0, t=0 la: -
p(z,t=0)=0 (22

+ Piéu kién bién:

p"+DL@ 0<t<te
uc az =0t
2=0;p(z=0t)= o |
2 P >t
U, 02y, 23)
= L’% L :O

Trong dé t€ la thai gian cla chu ky hdp phu.

Giai phuang trinh (16) vd&i cac diéu kién dau va diéu
kién bién tuong Ung vai ché dd lam viéc cua thiét bj,
nhap cac tham sé tim dugc vao chuong trinh MATLAB

theo thuéat toan OLE ta sé tim dugc mdi quan hé pi =
f(z,t) cho ta két qua su thay déi ap sudt riéng phan cla

chat bi hdp phu (O2) theo thai gian va chiéu cao cla
c6t hdp phu ( Hinh khéng gian 3D).

+ K&t qua mo phong cot & &p suét 1 bar:

025
02
015
01

005

Ap suat riéng phan caa Oy, bar

500
400

s 300 06
Thot gian, s

0 0.3
0.1 " Chiéu cao ctia c6t, m

0 o

Hinh 4: Su thay d6i ap suét riéng phén ctia O, theo
thai gian va theo chiéu cao clia cot & ap sut cot 1 bar.

Hinh 4 cho thay trén biéu do c6 nhiéu diém nhon, géc
nghiéng theo thdi gian va theo chiéu cao cét nho,
chiing to &p suét riéng phan cua O, thay déi khong 6n
dinh, giam rét it theo thai gian va theo chiéu cao cla
cot. Bidu do qué trinh hdp phu xay ra rét it do budc
nhdy ty do cla phan ti khi I6n hon rat nhiéu kich
thudc mao quan.

K&t qua mo phong tir &p suét téng 1 bar dén ap suét 5
bar quan sat biéu do cho ta thdy do én dinh tang dan,
gbc nghiéng tang dan theo chiéu cao cot.

+ K&t qud mo phdng cét & ap suét 5 bar:

Ap suét riéng phan ctia Oz, bar
-
4

0.7

0. 5 i
0.1 Chiéu cao cua cot, m

Hinh 5: Su thay déi 4p suét riéng phan cta O: theo
thai gian va theo chiéu cao clia cot & ap suét cot 5 bar.
DE quan sat rd su thay déi clia ap suét riéng phan theo

thai gian va theo chiéu cao cla cot, xem cac hinh
chiéu ctia né trén Hinh 6, 7 dudi day:
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1.005 ’ ‘ |
7 \ [\
NN A B
\ [ \

Ap suit riéng phin Oy, bar
5
S
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<///
=
-

0995 - v “ \HJ (= \ ‘(

] |

0.985
o

O'T 0‘2 0‘3 0‘4 015 O‘G 0.7
Chiéu cao cot, m
Hinh 6: Su thay déi 4p suét riéng phan clia O theo
theo chiéu cao cla ¢t & &p suét cot 5 bar.

Hinh 6 cho thay ap suét riéng phén cta O; tai cudi cot
(0,65m) la thdp nhat. Cho thédy day co thé la ché do
mo phong téi uu cla cot.

K&t quéd md phong tiép theo tU 5 bar dén 8 bar cho
thdy do én dinh cta ap suét rieng phan giam dan cho
thay su bdo hoa clia cot, dan dén ap suét riéng phan
tai dau ra cla cét (tai z = 0,65 m) tang.

+ K&t qud mo phdng cét & ap suét 8 bar:

)
o
(57
25
<
S
(&)
& 4
a
op 14
=
<«
k= 4
]
=
©» 054
="
<
0.
500 \m\\\ |
4 ~ 0.7
330\»\
R & 200
Thoi gian, s K e

c 0.1 “A - ~
o 0 Chiéu cao cua c6t, m

Hinh 7: Su thay d&i ap suét riéng phan cta O theo
thai gian va theo chiéu cao clia cot & ap suét cot 8 bar.

1.75

N
|
E 17 ‘
=
o
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[ |
‘E 165 ,"\ / I\ |
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R N N A N A U A T A T |
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et \ L | |
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1 V N\ ‘l |
|
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|/
5 . . L L L L
0 0.1 0.2 03 0.4 05 06 0.7

Chiéu cao ciia cot, m

Hinh 8: Su thay déi ap suét riéng phén ctia O, theo
theo chiéu cao clia cét & ap suat cot 8 bar.

Hinh 7 cho thdy gdéc nghiéng tang nhung dé 6n dinh
lai gidm. Ap suét riéng phan ctia O> tai dau ra clia cot
lai tdng cao do su bdo hoa cla cot.

Hinh 8 cho théy su tdng dét bién ap sudt riéng phan
O; tai dau ra cla cot (z=0,65m). Ma co6 thé thdy diém
t&i uu khac cta c6t (tai z=0,59 m). Cho thdy &p suét
cang cao sy bdo hoa xay ra cang nhanh.

K&t qua mod phdng nay (t6i uu tai 5 bar) gan ding vdi
két qua thuc nghiém nghién clu mét cét & [8,9] vé ché
dé 1am viéc t6i uu clia mot cot 1a & 4,5 bar. Ap suét téi
uu cla cét trong thuc nghiém thédp hon la do trong
mod phdng ta chdp nhéan gié tri van téc qua cot la
khéng déi. Nhung trén thuc t€ van tSc qua cét thay
déi theo chiéu cao clia cot do mot lugng khi O, bi hdp
phu vao mao quan.

Két qua md phdng cho théy su phan bd &p sudt riéng
phan theo chiéu cao cét gan ding vdéi phan bé ap suét
t6ng do dugc theo chiéu cao cua cot ma [8,9] da dua
ra.

K&t luan

K&t qua nghién cru nay da tiép can c6t hdp phu sang
phan tit cacbon dé tach khi N, véi mét phuong dién
khéc [5,6,7,8,9,10] vé mat déng hoc, mét mé hinh toan
mdi dugc thiét 1ap so vd&i [3,4] mo ta su thay dbi ap
sudt riéng phan theo thdi gian va theo chiéu cao cét
(16) v&i cac gia thiét t6c déd khi qua cot khong déi va
déng luc qua trinh hap phu tuyén tinh.

Két qua tinh toan cac tham s& clia md hinh cho ta thdy
su tin cay cla ly thuyét tinh toan trong [2] diéu dé
dugc chi rd trong két qua moé phdng.

Két qua mod phdng cho biét gan ding ché dé lam viéc
t6i uu cla cot ma chua can phai tién hanh thi nghiém.
Cho thdy phuong trinh (16) dang tin cay dé mo phong
cot hap phu.

TU céc két qué nay cho thdy tdm quan trong cla viéc
tinh toan céc tham sé va viéc thiét 1ap mo hinh toan dé
mo phdng qua trinh lam viéc clia cot hdp phu. Day la
mot phucng phap nghién cdu khdng mdi nhung con
nguyén gia tri cho viéc nghién cltu cac qua trinh céng
nghé hda hoc ndi chung va quéa trinh hdp phu sang
phan t& ndi riéng.

Cac két qua nghién clu nay da dugc kiém ching bang
thuc nghiém [8,9] vdi sai s6 chap nhan dugc.

L&i cam an
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Dé thuc hién thanh céng nghién clu nay tac gia xin
trén thanh cdm on su gilp d& cta Vién Cong nghé -
Téng cuc Cong nghiép quéc phong va B6 moén My va
thiét bi hoa chat — Vién ky thuat Héa hoc — Bai hoc
Bach khoa Ha ndi.
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