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Tom tat
Hé thong thiét bj phan ing tang ¢é dinh pha hoi la mét mé hinh dwoc thiét ké trén co sé
mo phong cac qua trinh ché bién loc hoa ddu nhw cracking xiic tac, dong phan hoa xlc tac.
Ngoai ra, c6 thé dé dang cdi tién dé thuc hién cdc qud trinh khic nhi reforming xiic tdc, oxy
hoa, ... M6 hinh hé thang thiét bi nay da dwoc thiét ké hoan thién va vdn hanh én dinh tai Khoa
Hoéa —Tai nguyén va méi trwong, Trieong Cao dang Céng Thirong mién Trung. Dac biét, dg thu
héi san pham cua qua trinh cracking xuc tac cdan dau & 93 — 94% gan xap xi Véi dé thu hoi theo
tiéu chugn ASTM D3907: 96 — 102%.
Tur khoa: cracking xtc tac, cracking tang cé dinh, cracking can dau, hé thong MAT-3000

Abstract
Design and operation of a fixed-bed reactor system in the vapor phase

The system of reactive vapor phase stabilizer is a model designed on the basis of
petrochemical processing processes such as catalytic cracking and catalytic isomerization. In
addition, it can be easily improved to implement other processes such as catalytic reforming,
catalytic oxidation, ... This model of equipment system has been desighed completely and
operated stably at the Department of Chemistry - Natural Resources and Environment,
MienTrung Industry and Trade College. In particular, the product recovery of catalytic
cracking process with residue oil is 93 - 94%, approximately equivalent to the recovery 96 -
102% of ASTM D3907.

Keywords: Catalytic cracking, fixed-bed cracking, residue oil cracking, pilot MAT-3000

1. Pat vén dé

Céc qua trinh ché bién loc hoa dau 1a qua trinh dién ra nhiéu phan @ng hda hoc phuc
tap. Viéc xay dung cac hé théng thiét bi phan tng trén co sd 1a cac mé hinh thu nho cua mot
cong doan san xuat hay mot phan xuong sé dap tng duoc nhu cau thuc hanh, thyc nghiém
cua hoc sinh, sinh vién nganh Phan tich san pham loc dau. Trong do, hé thong thiét bi phan
g tang ¢6 dinh pha hoi gilp hoc sinh, sinh vién tiép can thyc té, cu thé hoa cac hoc phan
Xdc tac loc dau, Quéa trinh thiét bi, Cong nghé ché bién dau khi va Téng hop hitu co hoa
dau. Pdng thoi, hé thdng nay ciing mang lai nhiéu hiéu qua wng dung trong linh vuc nghién
ctu khoa hoc nhu khao sat va danh gia hoat tinh va do chon loc xuc tac & cac phan ung loc
hoa dau, c6 thé thuc hién nghién ctiu & cac diéu kién nhiét do, ty 18 xtc tac/nguyén liéu, toc
d6 dong thay doi ...

Trén co s d6, nhom nghién ciu lién nganh Hoa — Pién — Co cua Trudong Cao dang
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Cong Thuong mién Trung di xay dung hoan thién hé thong thiét bi phan ung tang ¢ dinh
pha hoi va ciing d3 van hanh thir nghiém phan &ng cracking xuc tac véi nguyén liéu cin dau
¢ dd thu hdi san pham cao.

2. Co sé ly thuyét

2.1. Yéu céu vé cc chi tiét, b phan thiét bi

- Lua chon vt liéu ché tao éng phan ung chiu nhiét do cao.

- Thiét ké, ché tao bom vi luong c6 thé diéu khién thoi gian dwa nguyén lidu vao éng
phan tng va c6 kha ning hut, diy duoc chat 16ng c6 d6 nhét cao. Yéu cau do kin xilanh
cao.

- Thiét ké bo phan gia nhiét va 16 bao 6n, dam bao nhiét do gia nhiét trén 600°C va an
toan, khong bi ro ri nhiét, dién.

- Thiét ké 1ap dat khung, gia da.

- Lua chon cac by phén kem theo: bd thu san phém long, bd thu san phém khi, cac
van, ong dan khi ...

2.2. Xay duwng hé thong thiét bi

Qua trinh x4y dung hé thdng thiét bi, gdm cac budc:

- Nhom nghién ciru nganh dién — dién tir thiét ké, ché tao bom vi lugng, bd phan gia
nhiét va 10 bao 6n dam bao yéu cau.

- Nhém nghién ctru nganh co khi thiét ké 1ap dat khung, gia d& va lya chon vat liéu
ché tao dng phan tmg dam bao yéu ciu.

- Nhém nghién ctru nganh Cong nghé Hoa: Tim kiém, lya chon bd thu san phdm
long, bo thu san pham khi, cac van, dng dan khi...

2.3. Phwong phap nghién ciru, ky thuat sir dung

- K§ thuat duoc sir dung: Gia cong lap dat cac bo phan, chi tiét, ta didu khién, thiét bi
dién, thiét bi gia nhiét. Thir bén, thir kin va van hanh diéu chinh cac thong sé ky thuat dé
hoan thién h¢ thiét bi phan tng. Do thé tich khi tao thanh. Thu cac mau long va khi gui
phan tich thanh phan va tinh dé chuyén hoa.

- Phuong phap nghién ciru: dugc tién hanh céc phan ung thar nghiém sau khi hoan tat
m6 hinh nhiéu Ian nham hiéu chinh théng sé céng nghé ciia md hinh. Hudng dan sinh vién
cac bai thyc hanh, nghién ciru xuc tac, danh gia xuc tac trén hé thiét bi phan @ng tang ¢
dinh pha hoi.

2.4. So @0 cong nghé cracking xuc tac tang cé dinh trong céng nghiép
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Hinh 1. So' d6 céng nghé cracking trong céng nghiép [3]

2.5. M@ hinh thiét bi phan &ng tang cé dinh pha hoi
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Hinh 2. Hinh dnh chup mé hinh hé thong thiét bi phan iing tang c6 dinh pha hoi
3. Thuc nghiém
3.1. N§i dung thir nghi¢m

- Tién hanh thyc nghiém véi xtc tic can bang ciia nha may loc diu Dung Quat va
nguyén licu dau cin, c6 d6 nhot cao, co trang thai 16ng & nhiét do trén 70°C.

- Phan mg dugc thyc hién 13p lai nhidu 1dn ¢ cung mot diéu kién dé danh gia do on
dinh khi van hanh.

- C4c phan doan san phim sau khi thu duoc s& duoc tién hanh can, do va phén tich
trén cac hé sic ki GC-SIMDIS, GC-GAS. San pham khi dwoc thu qua bo thu san pham khi
va thé tich khi chinh bang thé tich nuéc mubi bio hoa duoc day ra khoi cot nudc mudi; sau
d6, s& dugc thu vao thi khi, dua di phan tich thanh phan. San pham long dugc thu ciing s&
duoc tién hanh can khéi luong va dua di phan tich. San pham cdc bam trén bé mit xuc tac
cling dugc tién hanh can sau phan Gng.

3.2. Cac bwdc van hanh

- Chuan bi xuc tac, can va dua x(c tac vao ong phan ang

- Khai dong 10 gia nhiét, cai dat nhiét ¢o hoat héa xtc tac ¢ 500°C trong 1,5 gio.

- Cai dat nhiét d6 10 gia nhiét tai nhiét 6 phan ng va gitr 6n dinh tai nhiét do phan
g it nhat 0,5 gio.

- Bom nguyén liéu vao xilanh, néi xi lanh vé&i éng phan tng.

- Lap dat bo thu san pham long va khi.

- Cai dat téc d6 bom nguyén liéu.

- Thuc hién thao tic bom nguyén liéu vao dng phan tng c6 chira xc tac.

- Thu san phim léng dem can va tién hanh do GC-MS (GC-SIMDIS).

- Ghi lai luong nudc mubi bdo hoa bi day ra khoi cot, thu san pham khi va dem san
pham khi di do GC-MS (GC-GAS).

4. Két qua va thao luan
4.1. Ong phan ng

Ong tru thang dung, dai 300mm, dudng kinh trong 8,0 mm, duong kinh ngoai 10,0

mm, bang thép khong gi, chiu nhiét toi khoang 600°C, &p suat téi 10 bar. [3, 4]
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4.2. L0 gia nhiét

Cong suat: 500 - 2000 W. Ngudn dién 1 pha, 220 V. Mot ving gia nhiét, chiéu dai
ving gia nhiét: 300 mm. Téc d6 gia nhiét téi da: 15 °C/phat. Khoang nhiét d6: 50°C-600°C.
Day gia nhiét 150°C, 1,5m. [5]
4.3. Bom vi lwgng véi man hinh cam wng

- Vi diéu khién chon Atmega32 vi gia thanh ré, xung nhip dat dén 16MHz nén kha
nang tinh toan linh hoat.

- RTC chon loai DS1307, théng dung dé lam ngudn giit thoi gian thuc cho hé théng.

- Pong co bom chon ddong co budc vi ¢ thé kiém soat duoc s6 vong, téc do quay co
thé nho nhung mé men van dat yéu cau

- Driver diéu khién dong co bom chon loai pht hop véi loai dong co budc.

- Xy lanh bom chon loai xy lanh tu dong dé cho viéc hat va day hda chat & hai ngd
khéc nhau.

- Cam bién phan hdi vi tri chon cdng tat hanh trinh dé nhan biét vi tri 0 cua xy lanh.

- Man hinh chon loai HMI UART cam ung dién trd nextion 2.4 inch, cé tich hop cam
{rng nén tryc quan cho viéc quan sat va nhap thong sb cai dat.
4.4. Panh gia d9 6n dinh cia hé théng thiét bi phan &ng ting cé dinh pha hoi
4.4.1. Khdo sdt dé én dinh ciia bg gia nhiét

Pé thyc hién cac nghién ciru vé céc yéu td anh huong dén qua trinh cracking hozc

thuc hién danh gia hoat tinh xuc tac, nhém nghién ciru thyc hién mdi dot 7-10 ngay/moi
dot. Trong quéa trinh gia nhiét dé hoat héa xUc tac, nhém nghién ciu ghi lai nhiét d6 ting
dan theo thoi gian. Trong dot nghién citu nay, nhom theo ddi téc do gia nhiét cua bo gia
nhiét trong 3 ngay, két qua duoc biéu dién ¢ cac biéu dd sau:

Nhiét 8 (°C) Nhigt 8¢ (C) Nt 4§ (°C)

(| Thi sian M §

i Thei gian . ) )
: X 3 § 6 phut) # pht)

Hinh 3. Céc biéu do biéu dién toc dé gia nhiét cia bé gia nhiét tai nhiér do cai dat 500°C
Tir cac biéu d6 trén, ta thiy duoc téc d6 gia nhiét cua 10 gia nhiét twong ddi 6n dinh.
4.4.2. Khdo sdt sw én dinh ciia hé thong thiét bi
Dé khao sat d6 6n dinh cua hé théng, nhdm nghién cau da tién hanh Iap lai tai nhiét
d6 500°C véi nguyén ligu 1a phan doan naphtha va két qua thu duoc ghi lai nhu sau:
Bdang 1. Luwong san pham thu duwoc khi thuc hién phdn #ng ¢ cung mét diéu kién
Gia tri khao sat lap theo
Thong sé s6 1an thuc hién phan &ng

m [ @ | @
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Nhiét d6 phan tng, °C(T) 500 500 500
Khéi lugng xdc tac, g 2,0053 2,0112 | 2,0091
Theé tich nguyén liéu, ml(V,) 2 2 2
Khéi lugng nguyén liéu tuong tng, g 1,7997 1,7015 | 1,7370
Ap suat, nmHg(P) 760 760 760
Thoi gian tiep xuc, gidy 30 30 30
Chiéu cao cot nusc mudi, ml (V) 50 52 51
Khoi Iugng san pham long, g (W) 0,8110 0,8209 | 0,8173
Khéi lugng cc, g (Wc) 1,3032 1,289 | 1,3107
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Tir bang 1, cho thiy rang céc gia tri san pham thu dugc & cac lan thuc hién phan
g chénh léch khong dang ké. Mot 1an nira, khing dinh su 6n dinh va d6 kin cua hé thong
thiét bi phan tung tang ¢ dinh pha hoi. Dac biét, 10 gia nhiét cp nhiét 6n dinh.
Ngoai ra, nhdm nghién ctru ciing di tién hanh thay doi nhiét d6 phan tng dé khao sat

su anh hudng cua yéu té nhiét dén san pham. Két qua thu duoc cu thé theo bang dudi day:

Bdng 2. Lurong san phdm thu duwoc khi theee hién phdn iing ¢ cac nhiér dg khac nhau

Thong s6 Gia tri khao sat 1ap theo sy thay doi nhiét do
500°C 450°C 400°C
Khdi luong xuc tac, g 2,0053 2,0124 2,0892
Theé tich nguyén lig¢u, ml(V,) 2 2 2
Khdi luong nguyén liéu twong (ng, g 1,7997 1,756 1,7843
Ap suat, mmHg(P) 760 760 760
Thoi gian tiép xuc, gidy 30 30 30
Chiéu cao cot nudc mudi, ml (Vi) 50 45 20
Khéi lwgng san pham long, g (W) 0,8110 0,8960 0,9205
Khéi lugng cc, g (Wc) 1,3032 1,2942 1,2725

Nhu vay, cac théng so phan tng nhu ap suat va cac gia tri thé tich cua nguyén liéu,
khéi lugng xuc tac FCC can bang khong thay doi, chi thay ddi nhiét do phan ung. Tur két
qua théng ké, cho thay khi nhiét do ting, lwong san pham khi tao thanh ting va san pham
long giam. Két qua nay phu hop véi phan ly thuyét [2].
4.4.3. Khdo sdt dj thu héi san phdm va d¢ chuyén héa

Trén co sé nhing két qua thu dwoc néi trén, nhom nghién ciru tiép tuc thir nghiém voi

nguyén li¢u la dau cin, c6 d6 nhét cao hon so véi phan doan naphtha va da tién hanh khao
sat sy thay doi cac thong sd nhu: nhiét do, ty 1& xtc tac/nguyén lidu va thoi gian dwa nguyén
liéu vao 6ng phan (mg, nguyén liéu c6 s6 C khac nhau ... [6]

Dic biét, khi tién hanh phan tng & cling mot &p suat 1atm va nhiét do 520°C va ty 1é
ty 1& x(c tac/nguyén liéu ~ 2,5 nhung thay doi thoi gian dwa nguyén liéu vao dng phan tng
(cai dit trén bom). Viéc thay doi thoi gian dua nguyén liéu vao dng phan tmg, tuong dwong
VGi viée thay doi thdng sb thoi gian tiép xdc giira nguyén liéu va x(c tac. [6]
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Po thi biéu dién anh hwéng thai gian tiép xac
dén lwong san pham

0,7354 1,122 0,736 0,712

Chiéu cao ¢dt nude Khéi lvgng san pham long,
muoix10ml (Vk) 2 (WD)

Khéi luong cbe, g (We)

Hinh 4. P6 th biéu dién dnh hweng thoi gian tiép xiic dén lwong san pham

Nhu vy, thoi gian tiép xic ¢6 anh huong dén lugng san pham khi va long. Khi ting
thoi gian tiép xuc, qué trinh bé gdy mach C-C dién ra sy cracking sau, dan dén viéc san
pham khi va céc tang. Ciing chinh vi vay, d6 chuyén héa cua mau duoc thyc hién ¢ thoi
gian tiép xdc 30 gidy (M520-30) cao hon miu duoc thuc hién ¢ thoi gian tiép xdc 12 gidy
(M520-12).

Két qua phan tich duoc cua hai miu ciing da giri phan tich GC-MS dé xac dinh
thanh phan khi va long tao thanh sau phan ng.

Tir d6, tinh duoc d6 thu hdi cua hé thdng [1].

Bdng 3. Két qua phan tich GC — MS

Ten miu Tinh theo % khdi lugng

Khi khd LPG Xang LCO HCO Coc
M520-30 7,86 32,03 44,21 4,42 2,41 9,07
M520-12 1,30 16,96 57,76 13,38 6,74 3,86

Bdng 4. B¢ thu hoi cia hé thong thiét bi phan iéng tang cé dinh pha hoi

Tén miu Do thu hdi (%) P chuyén hoa (%)
M520-30 93,52 93,17
M520-12 93,97 79,88

Nhu vay, hé théng ¢ d6 thu hoi tuong ddi cao : 93 — 94%, trong do: do thu hdi theo
tiéu chuan ASTM D3907: 96 — 102%.
5. Két luan
Hé thong thiét bi ting cb dinh pha hoi d4 dugc xay dung bai nhom nghién ctru ¢6 cac
ddc diém ndi bat nhu sau:

- Tinh su pham: M6 hinh Hé thdng thiét bi ting cé dinh pha hoi gitp cho céc hoc sinh,
sinh vién caa nganh/nghé Phan tich san pham loc dau, cac nganh nghé lién quan Hoa Cong
nghé tiép can duoc vai thuc té, cu thé hda cac hoc phan chuyén nganh. Nhom tac gia da xay
dung cac bai thuc hanh mé ta cac qua trinh ché bién loc dau nham cu thé hda hoc phan
Cong nghé ché bién dau mo. Qua d6, gép phan thuc hién muyc tiéu doi mai céng tac giang
day theo hudng dap ing nhu cau xa hoi.

- Tinh khoa hoc va ky thuat: Md hinh Hé théng thiét bi tang ¢ dinh pha hoi da ké thira
va cai tién mé hinh cua B6 mén Hoéa diu — Khoa Hoa hoc Trudng DPai hoc Khoa hoc tu
nhién, Pai hoc Québc gia Ha Noi nhu: da thay bo phan bom nguyén liéu van hanh bing
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thong sé quy udc bang bom nguyén lidu vi luong ty dong duoc didu khién bang man hinh
cam ung nén dé dang thuc hién thay doi cac thong sé thé tich, thoi gian bom mau; thiét ké
khung d& hé thdng gon nhe, d& dang di chuyén; thém bo phan thu hdi san pham khi nén c6
thé thyuc hién cac phan tng véi nguyén liéu 1a cac phan doan dau mo (hdn hop chaa nhiéu
thanh phan). Bong thoi, mé hinh duoc thiét ké dua trén hé thiét bi SR-SCT-MAT (Puc) cua
Trung tdm nghién ctu va phat trién ché bién dau khi - Vién dau khi Viét Nam theo tiéu
chuan ASTM D5154, hé thdng kin va c6 do thu hdi cao.

- Tinh ung dung: Mé hinh thiét bi phan tng tang cé dinh pha hoi khéng chi dugc sir
dung vao viéc giang day ma con phét trién nghién cttu khoa hoc cua cac giang vién va hoc
sinh, sinh vién nghé Phan tich san pham loc dau hoic nganh Cong nghé Hoa dau tai cac
truong cao dang, dai hoc. Trong cac phong thi nghiém loc dau cua cac Vién nghién cau hay
truong Dai hoc, hé théng MAT (Micro Activity Test) 1a mot hé thng dung dé danh gia hoat
tinh va @ chon loc xuc tac.

- Tinh kinh té: Gia thi trudng cua bom vi lugng: tir 30-50 tridu dong. Téng chi phi cua
thiét bi bom dwoc nhom thiét ké va ché tao khoang tir 5 — 7 triéu dong. So véi hé thiét bi
SR-SCT-MAT cua buc (~ 7-8 ti déng), téng chi phi ché tao cia md hinh nay ré hon nhiéu
(~ 70 -100 trigu)0]
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