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Tém tit: Ngay nay, bg diéu khién Idp trinh logic (PLC) va hé lhdng diéu khién
gzam sat va thu thap s6 liéu (SCADA) da dwoc vmg dung rong rai dé diéu khién va
gidm sdt cdc mdy va thiét bi trong cong nghiép dién, héa chat va dau khi. Chiing
ciing duoc st dung dé do cac thong so ky thuat, thu thdp s6 liéu thuc nghiém va
diéu khién cdc co cdu chdp hanh. Trong bdi bdo ndy, mét by PLC S7-300 ciia
Siemen va SCADA di dwoc dp dung dé thiét ké mét hé thong diéu khlén cho thiét bi
tao khi nito ¢ qui mo pilot swr dung chu trinh hap phu thay déi dp sudt (PSA). Thiét
bi nay da dwoc ché tao tai Vién Cong nghé - Téng cuc Cong nghiép quoc phong dé
nghién ciu mé phong va téi wu héa ché d lam viéc.

Tur khéa: Lap trinh logic (PLC); Hé thong diéu khién giam sét va thu thap s6 liéu (SCADA); Chu trinh hép
phu thay doi ap suat (PSA); Sang phan tir cacbon (CMS); Hap phu; Nito.

I. PAT VAN DE

Khi nito (N>) c6 thé xem nhu mot khi tro dé sir dung trong cac linh vic cong nghiép co
khi, hoa chét, thuc pham, duoc pham, quan sy. O qui mé 16n, khi nito dugc phan tach tir
khong khi bang k¥ thuat héa long va chung phan doan. O qui md nhé va vira khi nito
thuong duoc phan tach bang sang phan tir carbon (CMS) va chu trinh hip phu thay d6i ap
sudt (PSA) ¢ 4p suét thap. Ky thuat nay cho phép dé phan tach mot s6 cau tir khi tir mot
hén hop khi dudi diéu kién ap suét theo sy khac nhau vé kich thudc phén tir va 4i luc cia
ching dbi V61 mot vat ligu hap phu thich hop [1-4-11].

San sudt N, theo chu trinh hip phu 4p suét thay ddi dya trén dic tinh hap phu chon loc
ctia sang phén tir cacbon (Carbon Molecular Sieves - CMS). V& co ban né ciing 1a mot loai
than hoat tinh, tuy nhién mién phan bé kich thuéc mao quéan rat hep nén c6 kha ning hap
phu chon loc theo kich thudc phan ti. Phéan 16n CMS trén thi truong hién nay dugc tao ra
tir nguyén liéu than antraxit voi mot qué trinh hoat hoa c6 kiém soat. Cau triic mao quan
sau d6 co thé tiép tuc thay ddi boi mot qua trinh xtr 1y nhiét tiép theo, bao gom viéc
cracking cac hydrocarbon trong hé vi mao quan va khi héa thém mot phan trong cac diéu
kién kiém soat nghiém ngit. Nho do, sang phan tir carbon thu dugc ¢6 duong kinh mao
quan hiéu dung trong khoang tir 0,4 nm dén 0,9 nm, tuy nhién dé xdp va dung luong hép
phu s& thap hon so véi cac loai than hoat tinh théng thudng [1-4-11].

Sang phan t&r Cdcbon (CMS)

Hinh 1. Co ché hcfp phu chon loc cua CMS.
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Dé phan tach nito, thuong st dung loai CMS c¢6 duong kinh 16 mao quan 13 4A. Vi vy,
khi dong khong khi véi ap sut thich hop di qua 16p vat liéu CMS thi phan tir O, véi kich
thuéc phan tir 1a 3,9 x 2,8 A s& di vao trong mao quan va bi giit lai, con cac phan tir N,
véi kich thude phan tir 12 4,1 x 3,0 A s& di qua, nhu vay s& thu duoc N, véi néng d0 cao
[4]. Pac tinh hép phu chon loc CMS dugc minh hoa nhu hinh 1.

Trong nghién ctru xay dung mo hinh thiét bi thi nghiém va mé phong thiét bi tao khi N,
theo chu trinh hip phu ap suit thay déi (PSA) va vt liéu sang phén tr cacbon (CMS), dé
dat duoc két qua nghién ciru chinh x4c va nhanh chong rat can phai nghién ctru, thiét ke bd
diéu khién 1ap trinh logic (PLC) va h¢ thong diéu khién giam sat va thu thap sd lidu
(SCADA) phirc tap dé do dac, khao sat va nghién ctru cac thong sé lam viéc va dién bién
cua qua trinh [2-3-8].

O trong nudc, tai Vién Cong nghé - Tong cuc Cong nghiép qudc phong va B6 moén
May va thiét bi cong nghiép hoa chat da phdi hop thiét ké, ché tao thiét bi tao khi N, tir
khong khi bang sang phan tir cac bon (CMS-240) lam viéc theo chu trinh hap phuy 4p suat
thay doi dé nghién ctru va t6i wu hoa thiét bi. Pong thoi thiét bi nay da dugc nghién cuu,
thiét ké hé thong diéu khién PLC va hé théng giam sat SCADA muc dich dé diéu khién
ché do, thong sb 1am viéc cua thiét bi theo dung chu trinh cong nghé va do dac thu thap va
xtr 1y s6 lidu, nghién ctru quy luat ciia qua trinh hip phu mét cach ty dong dé mo phong va
t6i wu hoa ché do 1am viéc cua thiét bi [1].

I1. PHUONG PHAP NGHIEN CUU

Thiét ké h¢ théng diéu khién PLC va SCADA cho thiét bi tao khi N, tir khong khi
bang sang phan tir cacbon (CMS) theo chu trinh hip phu 4p suat thay doi (PSA) duoc thuc
hién trén co s& va phuong phap sau:

Thiét bi tao khi N, da dugc ché tao va vat li¢u sang phan tir CMS-240 da lga chon
[1]: thong sb tinh toan, nguyén Iy 1am viéc theo cac so dd cong nghé PFD va so db thiét bi
do luong P&ID. Tir d6 nghién ctru, thiét ké h¢ thong diéu khién PLC va SCADA.

Chay thtr thiét bi, nhap xut s6 liéu nghién ctru quy luat va toi uu héa thiét bi hap phu
da duogc thiét ké, ché tao.

III. KET QUA VA THAO LUAN
3.1. So' @6 cong nghé va nguyén Iy lam viéc
Chu trinh 1am viéc cta thiét bi tao khi N, bao gém 6 budc (vi du:ap suét 1am viéc

ctia hé thong dat 6 bar) [1-8-11-12-13-14] duoc md ta & hinh 2.

Hé thong PSA dugc nghién cliru mo phong tinh toan, thiét ké theo [1] va lam viéc theo
bang 1.

Bdng 1. Trang thdi hoat dong cua cdc van diéu khién trong mot chu trinh lam viéc.

Th?aii?;ilgfl?i%;héi T1 T2 T3 | T4 | T5
V1 1 1 0 0 0

V2 0 0 0 1 |

V3a,b 0 0 1 0 0

V4 0 0 0 1 )
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Mo hinh thiét bi hip phu ap sudt thay d6i (PSA) di duoc xay dung theo so dd cong
nghé PFD hinh 2 va so do thiét bj va thiét bi do luong (P&ID) hinh 3 bang vat liéu sang
phan tir CMS-240 (Bang 2) d tinh toan, thiét k&, lya chon bao gdm céc thiét bi chinh sau
[1-7]: May nén khi dong bd bao gom: loc khi F1, may nén khi C1, binh tich TO1, dong hd
va bo diu khién 4p sudt dat; Thiét bi tach nuéc va tach dau F2; Cot tach am D1; Hai cot
hap phu B1 va B2 (DxH =114x700mm); Binh tich 1dy san pham T02; Cac van dién tir
dong mo: V1, V2, V3ab, V4, V5, V6ab, V7, V8; Cac van mot chiéu, van tiét luu; Cac cam
bién, ddng ho do ap suat: PT, PI; Cac thiét bi do luu luong: FT; Bo diéu khién PLC S7-
300 lap trinh trén WinCC; May tinh giam sat va diéu khién SCADA, thu thap sb liéu
nghién cuu [2-3-8-11].

Bing 2. Théng so cua vt liéu hap phu CMS.

Puon bo Ap suit
N rong Khéi lugng | cimg | L Khéi Do
Vatlieu Kinh 1 enelkg/m’] | Nip | PP | ponglke] | x6
hatfmm] glkg P 1 Mpal onglkg p
min]
CMS-240 1,6-2,2 630-660 100 0,6 10 04

Chon mua vat liéu CMS - 240 tai ap sut hép phu 0,8 Mpa sé& thu dugc 240 m*/h.t véi
do tinh khiét 99,5%, ty 1& thu hdi N,/khong khi 1a 44%.

3.3. So d0 h¢ thong diéu khién, giam sat

May tinh, man hinh SCADA

Thu thap va x( Iy sb ldu 50 80 KHOI HE THONG DIEU KHIEN

Cép truyén théng
ST T T T T Ethemet . T T T T

Cc logl cam Ta didu khién A
blén dp suét, C4p tin higu Cap tin hléu Cac van digu
lvu lirgmg [ | cowntRoLBox | _ GRfnhlgu b ente
ks &20mA EiC §7'300 DC AV v1.v1
v
Céng
thc, niit Bén tin
dléu hidu
khlén

Hinh 4. So d6 hé thong diéu khién.
Trén co so so dd P&ID trén hinh 2 ta l4p trinh diéu khién PLC va SCADA: lap trinh
diéu khién PLC theo bang 1 va lap trinh hé diéu khién, giam sat va thu thap s liéu
SCADA bing WinCC va mang truyén thong theo hinh 4 ta c6 két qua sau:
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Hinh 5. Man hinh gidm sat, diéu khién SCADA.
Tir hinh 5 cho thay ta c6 thé d& dang dit cac tham sb 1am viéc cho mot lan thi nghiém
nhu thoi gian cua chu trinh, thoi gian 1ay mau céac 1an do va cai dat so chu trinh lam viéc
lién tuc hay gian doan.
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Hinh 6. Su thay déi dp sudt theo chiéu cao ciia cét hdp phu Bl, B2.

Theo két qua hinh 6 cho chiing ta thiy sy thay déi rd nét cua ap suit theo chiéu cao cia
cot, cac cam bién dugc lap cach nhau 10 cm va do chénh 4p suat trung binh theo chiéu cao
twong tng 1a 0,1 bar/10cm.

Tir hinh 6 cho ta thdy doan tir 1 dén 15 s 1a thoi gian ting ap; doan tir 15-20 s 14 thoi
gian mo van léy san phém; doan tur 20-60 s 1a thoi gian léy san phém 6n dinh; doan tir 60-
65 s 1a thoi gian cin bang; doan tir 65 — 110 s 1a thoi gian giam ap suat; doan tir 110-125 s
1a thoi gian xa va 1am sach. Twong ty nhu vdy, trong ciing mot thoi diém & cot B2 ¢6 dién
bién thay ddi ap suit nguoc lai so v6i cot B1. Ta c6 thé lam thi nghiém & nhiéu tham s6
khac nhau, nhung cin ctr vao két qua mé phong thi s& rut ngin dwoc thoi gian thi nghiém
dé c6 thé tdi wu hoa 1am viéc cua thiét bi dé dat duoc néng d6 khi N cao nhét.

Két qua thi nghiém cudi cing tim ra bd thong s6 1am viéc t6i wu nhit cac tham sb co
ban dé dat dugc do tinh khiét ciia khi N2 cao nhat (ndng d6 khi O2 thap nhat trong dong
san pham) la:
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- Ap suét 1am viéc: Plv = 6,0 bar.
- Thoi gian can bang: T3 = 5s; Thoi gian liy san pham va nha hap phu: T2 = T5 = 45s
Bing 3. Két qua chay thire nghiém véi thoi gian can bang la 5s,
thoi gian ldy san pham la 45s.

Cot 1 Cot2
Py, (bar) 5,5 5,5 5,5 5,5 5,5 5,5
P, (bar) 2,5 2,5 2,5 2.5 2,5 2.5
0, min(%) 0,0 0,0 0,0 0,0 0,0 0,0
Thoi gian
can bﬁng t(s) > > > > > >

Tir cic két qua thi nghiém cho chiing ta thay:

O 4p sult lam vigc 6 bar va thoi gian hip phu 15s (ning sudt cia h¢ thong): khi thoi
gian cén bang giam xudng 5s; thoi gian 1y san pham va nha hap phu 45s, thi nong d6 N2
da tang lén cao dat 99,5%, su dupg thiét bi do‘n(”)ng do khi O, d§ tham chicu ctia hang
SENKO — KOREA SP2nd cam bién dién hoéa. Nong do nito duy tri 6n dinh ¢ muc cao.

IV. KET LUAN

ba xdy dung thanh cong mét hé thong diéu khién PLC va hé thong giam sat SCADA
dé do dac va diéu khién cac co céu chip hanh cia thiét b tach khi N> ¢ qui m6 pilot lam
viéc theo chu trinh ap sut thay ddi PSA dé phuc vu nghién ctru va tdi wu hoa ché do lam
viéc cua thiét bi.

Da nghién ctru, khdo sat va t6i uu hoa ché do lam vigce cia thiét bj bang h¢ thong PLC,
SCADA trén cho két qua quy luft thay doi ap suat va cac tham so cua chu trinh nong do
N, san pham dat muc trén 99%.

Di khao sat sy thay doi ap suat theo chiéu cao ctia cot hap phu.

~ Do vay, viéc ap dung PLC, SCADA vao nghi€n cltu qua trinh PSA la rat hiéu qua cho
ket qua nghién ctu nhanh chong.
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ABSTRACT

DESIGN OF A SYSTEM FOR CONTROL AND MEASUREMENT
TO STUDY AND OPTIMIZE NITROGEN GENERATOR
USING PRESSURE SWING ADSORPTION (PSA)

Nowadays, Programmable logic controller (PLC) and supervision control and
data acquisition (SCADA) systems were widely applied to control and monitor
machinery and equipment in the electrical, chemical and petroleum industries. They
also were used to measure the technical parameters, collect experimental data and
control actuators. In this work, a PLC S-300 of Siemen and SCADA are applied to
design a control system for a nitrogen generator in pilot scale using pressure swing
adsorption (PSA). This equipment has been manufactured by Institute of Technology
- General Department of Defense Industry for study simulation and optimization of
its operation mode.

Keywords: Programming logic controler (PLC); Supervisory control and data acquisition (SCADA); Pressure
swing adsorption (PSA); Carbon molecular sieve (CMS); Adsorption; Nitrogen.
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