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(57) Shng ché dé cap dén hé théng san xudt khi hydro bao gom hai hogc nhiéu thiét bi
chira, mi thiét bi chira chira chét phan émg holic hén hop ciia cdc chat phan tmg, va mbi
thiét bi chira duge ndi v6i phuong tién bom chét phan tng duge chita hodc hén hop ciia
céc chét phan g dugc chira vao budng phan tng theo cach thirc duge kiém soat va & toc
d6 tdi wu, @& hoat héa phan mg hoéa hoc trong budng phan (g va sén xuét hiéu qua khi

hydro.
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Linh vire k§ thuit dwoe dé cap

Séang ché dé cap dén hé thong va phuong phéap san xuét khi hydro, cu thé hon sang
ché @& cap dén hé thong va phuong phép san xuét khi hydro bing cach bom c6 kiém soat

cac chit phan tmg vao budng phan tng.
Tinh trang k¥ thuit ciia sang ché

Thing nhién liéu san xuét dién bing phan tmg cta hydro va khong khi va c6 thé
cép dién cho phwong tién xe ¢, mdy moc, va cic thiét bi khac cin cip dién lién tuc.
Thong thwong, d8 tich trit tai chd nguén hydro, can thing dugc tao ap co6 kich ¢& 16n va
chi phi cao. Khi thung nhién lién duge sir dung cho phuong tién xe cd hodc cac may moc
chuyén dong khac, thi véhn @2 bit cap phat sinh 13 thing chia can c6 trong lugng 16n va
khéng gian lap dat rong. Mot gidi phép cho vén d& nay 13 san xuét khi hydro tai ch, gin

v6i thung nhién liéu, d& giam thidu hodc khong cin tich trit khi hydro.

Khi hydro c6 thé dugc san xuét thong qua phan tmg héa hoc phan tach khi hydro
ra khéi céc ngudn nhién liéu nhu hydrua héa hoc. Hydrua hoa hoc dugc tich frit an toan
hon khi hydro. Cac phuong phép khéac nhau da biét dé san xuét khi hydro tir hydrua, va
hau hét cac phuong phap nay sir dung mét s6 loai budng phan tmg chira hydrua héa hoc.
Sau d6, chét 16ng nhu nwée duge bom vao budng phan tmg ndy, va phan ting héa hoc xay

ra sau 46 de san xuat khi hydro.

Mot nhugc diém cia cac hé théng san xuét khi hydro nay 13 & chd trong hau hét
céc trueomg hop bubng phan tmg phai dugc loai bé khi nhién liéu hydrua hoa hoc da can
kiét. Do d6, trong mét sd truong hop, budng phan tmg dugc nap lai v6i hydrua héa hoc,
va tai st dung. Tuy nhién, trong mdt s6 trudong hop, budng phan tng dit tién khong thé
tai str dung, va bi loai bo. Trong céc truong hop nay, viéc thay thé budng phan tng rong

bing budng phan ting dwoc nap dAy nhién liéu c6 thé phirc tap va giy bét tién.

Trong mét phuong phap da biét, budng phan ng khong dugc loai bé, nhung duge
nap voi chét phan img tai chd. Phuong phap nay c6 nhuoc diém 12 kho nap chét phan (mg
vao budng phan tmg, va mét thoi gian dé thuc hién cong doan nay. Yéu t6 thoi gian dic
biét quan trong trong cac mg dung xe cho khach. Viéc chd doi trong thoi gian vai phit

tai cac tram nap lai thuong giy bét tién.
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Nhugc diém chung cia cac phuong phap néu trén 1a kho kiém so4t chinh x4c phan
trng hoa hoc. Phu thudc vao hinh dang cia bubng phan tmg, lugng hydrua hoa hoc thay
d6i khi can kiét, do d6 khé kidm soat duge tdc d6 phan tng, va lwong khi hydro dugc sin
xuit. Viec kiém sodt chinh x4c tdc d phan tmg cling quan trong dé dat duge phan tng

héa hoc toi wu, va san xuat hiéu qua khi hydro.

Trong hé théng san xuét khi hydro théng qua phan tng héa hoc gifta hai hodc

nhidu chét phan tmg, budng phan ting cin dugc bd sung lién tuc cac chét phan g,

Trong hé thong san xuét khi hydro théng qua phén Gng hoéa hoe gifta hai hodic

nhidu chit phan tmg, budng phan g c6 thé tich gisi han & chira cac chét phan tmg.

Trong hé thong san xuét khi hydro thong qua phan tng hoéa hoc gifta hai hogc
nhidu chit phan tmg, bubng phan tmg duoc nap trudc c6 thé tich va hinh dang gi6i han dé

san xuét hiéu qua khi hydro.

Trong hé thong san xuét khi hydro thong qua phan Gng hoéa hoc gitta hai hodc

nhidu chét phan tmg, chi phi bao dudng budng phan tmg rit cao.

Trong hé thdng san xuit khi hydro thong qua phan tng héa hoc gitta hai hodc
nhidu chét phan tmg, tdc d phan tmg cAn duge kiém soat chinh x4c dé san xuét hidu qua

khi hydro.

Khi thung nhién liéu dugc st dung cho cac may moc chuyén dong, thiét bi lru trix

khi hydro c6 kich c¢& 1on, cong suat han ché, va c6 thé nguy hiém.
Ban chit k§ thuit ciia sang ché

Pé khic phuc céc nhugc diém néu trén, sang ché dé cap dén hé théng san xuét khi
hydro bao gdm hai hoic nhiu thiét b chira, mdi thiét bi chira chira chit phan tmg hodc
hdn hop clia cac chét phan tng, va mbi thiét bi chira dwoc ndi véi phuong tién bom chét
phén g dugc chira hodc hdn hop cia cac chit phan tng dugc chita vao budng phan tmg
theo céch thirc duoc kidm sodt va & toc do tbi wu, dé hoat héa phan tmg hoéa hoc trong

budng phan tmg va san xuét hiéu qua khi hydro.

Sang ché ciing dé cap dén thiét bi chira @ chira cac chit phan ng khac nhau can
thiét cho phan g héa hoc san xuét khi hydro, dugc bé tri bén ngoai budng phan tng, va
sau d6 bom kiém soét cac chit phan tmg nay vao budng phan tng & tbc d6 t6i wu, dé san

xuat hiéu qua khi hydro.
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Séng ché ciing dé cap dén hé théng san xuét khi hydro, bao gbm: budng phan tmg;
thiét bi chita chét phan tmg thir nhét chira cht phan tmg thir nhét; thiét bi chira chat phan
tmg thtr hai chita cht phan (mg thir hai; phwong tién bom chét phdn img thir nhat vao
budbng phan tmg; phuong tién bom chét phan (mg tht hai vao bubng phan (mg; thing
dém dé tich trit khi hydro san xuét duge, thing dém duge trang bi bd cam bién ap suét dé
do 4p sut bén trong thing dém; phwong tién tinh todn tbc dd bom t6i wu ciia chét phan
ung thir nhét vao budng phan tng va tbc d6 bom t6i wu ciia chit phan tmg thir hai vao
budng phan tmg dya trén ap suét do duoc bén trong thung dém, t6c d0 toi uu nay san xult
t6i wu khi hydro; va phuong tién kidm soat tbc d0 bom ctia chét phan tmg thit nhét va toc

d6 bom ctia chit phan g thir hai vao budng phan tmg.

Theo mot khia canh, chét phan tmg thi nhét 13 hydrua hoéa hoc. Phuong tién bom
chét phan ting tht nhit vao budng phan Gng 1a thiét bi phun, nhu mdy bom phun, médy
tiép liu kiéu vit, hogc thiét bi truyén dong co hoc. Chat phan tmg thit hai 1a nuée hoje

hoi nuéce. Phuong tién bom hoi nude vao budng phan tmg 13 bom va vdi phun.

Theo mot khia canh khac, hé théng san xuét khi hydro theo séng ché ciing bao
gbm phirong tién do nhiét do va 4p suét bén trong budng phan tmg. Nhiét do va 4p suit
do duogc bén trong budng phéan tmg cb thé duge st dung dé tinh toén tbc @6 bom tdi vu
cua chit phan tng thi nhit vao budng phan tng va tbc 46 bom tdi vu clia chét phan tmg
thr hai vao budng phan tmg, hodc dimg phan mg khi nhi¢t d6 va ap suit do duoc bén

trong budng phan tmg dat dén tri s6 xé4c dinh trude.

Séang ché ciing dé cap dén hé théng san xuét khi hydro, bao gbm: budng phan tmg;
thiét b chira chit phan tmg thit nhét chita chét phan tmg thtr nhit; thiét bi chira chat phan
{mg thir hai chira chit phan tmg thir hai; thiét bi chira chit phan tng thir ba chira chét
phan rng thit ba, phuong tién bom chét phan tmg thir nhét vao budng phan ting; phwong
tién bom chét phan tng thir hai vao bubng phan tmg; phirong tién bom chét phan g thir
ba vao budng phan tmg; thing dém @8 tich trit khi hydro san xuét dugc, thing dém dugc
trang bi by cam bién 4p sudt dé do ap suét bén trong thung dém; phuong tién tinh toan tbe
d6 bom t6i vu cua chit phan tng thit nhit vao budng phan tmg, toc d6 bom t61 wu clia
chéit phan tmg thir hai vao budng phan img va tdc 46 bom t6i uu clia chét phan tng thi ba
vao budng phan ting dua trén 4p suét do dugc bén trong thung dém, tbc d6 t6i wu ndy san

xuét t6i wu khi hydro; va phuong tién kiém soat tbe d6 bom chét phan Ung thir nhét, tbc
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d6 bom ciia chit phan tmg thir hai va tbc d6 bom cua chit phan tmg thit ba vao budng
phan Umg.

Theo mét khia canh, chit phan tmg thr nhét 13 hydrua hoa hoc. Phuong tién bom
chét phan tng thi nhét vio budng phan tmg Ia thiét bi phun, nhu may bom phun, may
tiép liéu kidu vit, hodc thiét bi truyén dong co hoc. Chat phan tmg thir hai 13 chat xtc tac
nhu chét xtc tic trén co s& kim loai, chét xtic tac dang 16ng, hodc chat xfic tac hitu co.
Chét phan tmg thir ba 12 néc hodc hoi nrdc. Phurong tién bom hoi nuée vao budng phan
g 13 bom va voi phun.

Theo mdt khia canh khac, hé thdng san xuat khi hydro theo sing ché ciing bao
gbm phuong tién do nhiét do va ap sudt bén trong budng phan tmg. Nhiét do va ap suét
do dwoc bén trong budng phan tmg c6 thé dugc sir dung dé tinh toan tbc d6 bom t6i wu
cta chit phan tmg thir nhéit vao budng phan ung, téc d6 bom tbi wu ctia cht phan tmg tht
hai vao budng phan g va tdc @6 bom t6i wu cta chéit phan Gmg thir ba vao budng phan
{mg, hodc dimg phan (g khi nhiét d6 va ap suét do dugc bén trong budng phéan tmg dat
dén tri sb xé4c dinh truée.

Séng ché ciing dé cap dén hé théng san xuét khi hydro, bao gbm: budng phén Gng;
thibt bi chira chét phan (g thir nhét chita chét phan tng thi nhét; thiét bi chira chit phan
@mg thir hai chira chat phan tmg thtr hai; thiét bi chira chit phan tng thir ba chira chét
phan ng thir ba, thiét bi tron dé trén chét phan ung tht nhét va chét phan tmg thir hai;
phuong tién bom chét phan tg thir ba, dé bom chit phan tmg thi ba vao budng phan
tmg; thung dém dé tich trit khi hydro san xuit duoc, thung dém dugc trang bi by cam
bién ap suét dé do ap suét bén trong thing dém; phwong tién tinh toan tbc do tron t6i wu
clia chét phan tng thit nhit va chét phan img thir hai, va tdc dd bom t6i wu ciia chat phan
ting thir ba vio budng phan tmg dua trén 4p suét do dugc bén trong thung dém, tbc do tbi
wu nay san xuét t6i wu khi hydro; va phuong tién kiém soat tdc db tron ctia chit phan tng
thir nhét va chét phan tmg thit hai, va tdc d6 bom cita chét phan tmg thit ba vao budng
phan Ung.

Theo moét khia canh, chét phan Gng thir nhét 13 hydrua héa hoc. Phuong tién bom
chét phan {mg thi nhét vao bubng phan mg Ia thiét bi phun, nhu mdy bom phun, may
tiép liéu kiéu vit, hodc thiét bi truyén dong co hoc. Cht phan tmg thir hai 12 chét xuc tac
nhu chit xuc tic trén co s& kim loai, chit xic tic dang léng, hodc chét xic tac hitu co.
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Chét phan @mg thit ba 13 nuéc hodc hoi nuée. Phuong tién bom hoi nuéc vao budng phan
ung 14 bom va voi phun.

Theo mdt khia canh khéc, hé théng san xudt khi hydro theo sang ché cling bao
gbm phuong tién do nhiét do va ap sudt bén trong budng phan tmg. Nhiét do va ap sudt
do dugc bén trong budng phan g c6 th duge st dung dé tinh toan toc do bom tdi wu
ctia chit phan (mg thir nhit vao budng phan mg, tbc 46 bom t61 vu ciia chit phan g thir
hai vao bubng phan tmg va téc d6 bom t6i vu ciia chét phan tig thir ba vao budng phan
tmg, hodc dimg phan tng khi nhiét d6 va ap sudt do dugc bén trong budng phan tng dat

dén tri s6 xac dinh trudc.

Theo mét khia canh khac, hé théng san xuét khi hydro theo sang ché ciing bao
gf“)m thiét bi Ioc duoc b6 tri phia sau buéng phan Ung, thiét bi loc nay dugc thiét ké dé loc

loai bo cdc san phdm phu khéng mong mudn bat ky ra khéi khi hydro san xuét dugc.

Séang ché ciing d& cap dén phuong phap san xuét khi hydro bao gém céc buéc: a)
tich trit it nhét hai chat phan tmg cn thiét cho phan tmg héa hoc san xuét khi hydro, mdi
chét phan tmg dugc chira trong mot thiét bi chira chit phan tmg; b) bom mdi chét phan
tng vao budng phan ing, @& san xuét khi hydro; ¢) do 4p suit bén trong thing dém; va d)
sir dung &p suét do duoc 8 tinh toan tc @6 bom tdi wu ctia mdi chét phan ing vao budng
phan ng.

Sang ché ciing dé cap dén hé théng san xut khi hydro bao gbm: it nhét hai thiét bi
chira, mdi thiét bi chta ndy chira mot chét phan mg, va mbi thiét bi chira dugc ndi véi
phuong ti€én bom chét phan tng dugc chira vao budng phan tng theo cdch thic dugc
kidm soét va & tbc d6 t6i uu, dé hoat héa phan tmg héa hoc trong budng phén tmg va san
xuét khi hydro. Hé théhg san xuét khi hydro theo sang ché ciing bao gbm phuong tién do
4p suét bén trong thing dém, ap sut do dugc duge st dung dé tinh toan tdc do bom tdi
wu ctia mdi chét phan Gng vao budng phan tng.

Céc muc dich va wu didm khéc cia sang ché s& duge mo ta chi tiét trong phan mo
ta dudi day cing bo yéu ciu bao ho kém theo.

Bing c4ch tich trit c4c chét phan tmg & bén ngoai budng phéan tmg, va bom chiing
vio budng phan ung chi khi cin thiét, chi phi thay thé va bd sung chat phan ung vao

budng phan g s& thip.
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Bing cach kiém soat toc d§ bom cua mdi chat phan mg vao budng phan ting dua
trén nhiét d6 va ap suat do dugc bén trong budng phan ting, hi€u suat phan tmg dugc t6i

wu héa, do d6 san xudt hidu qua khi hydro.
Mo t4 van tit hinh vé

Fig.1 14 so dd thé hién hé thdng san xut khi hydro theo phuong 4n thir nhét coa

sang che.

Fig.2 13 so @b thé hién hé thong san xuét khi hydro theo phuong 4n thir hai clia

sang ché.

Fig.3 12 so dd thé hién hé théng san xuét khi hydro theo phuong an thir ba cia

sang ché.
M6 ta chi tiet sing ché

Fig.1 13 so d0 thé hién hé théng san xuét khi hydro theo phuong 4n thit nhét, dugc
trang bi budng phan tng (10) dugc thiét k& dé thuc hién phan tmg héa hoc va san xuét
khi hydro tir cac chit phan tng ban diu. Budng phan tmg (10) dwgc trang bi b cam bién
4p suht (52) va bd cam bién nhiét d (54), dugc thiét ké dé twong tmg do 4p suét va nhiét
d6 bén trong budng phan mg (10). Theo phuong 4n nay, hé théng san xuét khi hydro
ciing bao gdm thiét bi chira chét phan tmg thir nhét (20) duge thiét ké dé chira chit phan
{ig tht nhit, va thiét bi chira chit phan tmg thir hai (30) dugc thiét ké dé chua chit phan
{rng thir hai. Mdi chit phan tng ndy 1a chit phan @mg ban dau cho phan ing héa hoc san
xuét khi hydro. Khi dugc két hop, cac chét phan Gng nay phan mg héa hoc v6i nhau va

san xudt khi hydro.

Thiét bi chita chit phan tng thu nhét (20) duoc nbi véi phuong tién bom chit
phan tmg thit nhét (25). Phuong tién bom chét phan éng thir nhit (25) dugc thiét ké dé
bom chét phan tng tht nhit vao budng phan tmg (10). Theo phuong 4n thir nhét, chat
phan tng thi nhét 13 hdn hop dugce trén so bd chira hydrua hoa hoc va chét xtc tac, nhu
chit xtic tac trén co s& kim loai, chit xtc tac dang 16ng, hodc chit xac tac hitu co.
Phuong tién bom chit phan tg thir nhit (25) 12 thiét bj phun nhu may bom phun, may
tiép liéu kiéu vit hodc thiét bi truyén dong co hoc. Do d6, phuong tién bom chét phan (mg
thr nhét (25) bom héa chit da dwoc tron so bd nay vio budng phan tmg (10) thong qua
ctra bom thir nhéit (26).
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Thiét bi chira chit phan tmg thi hai (30) duoc ndi véi phuong tién bom chét phan
{mg thtr hai (35). Phuong tién bom chét phan tmg thir hai (35) dugc thiét ké d€ bom chét
phan tmg tht hai vao budng phan ting (10). Theo phuong 4n thir nhét, chét phan tng thi
hai 12 nu6c hodc hoi nudce va phuong tién bom chét phan (ng thir hai (35) bao g6m bom
va voi phun. Do d6, phuong tién bom chét phan tmg tht hai (35) bom nuéc hodc hoi
nudc vao budng phan tmg (10) théng qua cira bom thit hai (36). Mot bién thé khéc cia
- phwong 4n nay la bd sung axit hodc cic chét phu gia khac vao nu6e hodc hoi nuée dé

tdng cudng san xuét khi hydro.

Theo céch thirc ndy, hai chit phan tmg dugc bom vao budng phan tmg (10), do d6
hoat hoa phan tmg hoéa hoc san xuét khi hydro va mot s6 san phdm phu khong mong
mubn. Khi hydro dugc phén tach ra khéi cac san phém phu khéng mong mudn nay trong
thiét bi loc (60), & d6 cac san phAm phu khong mong muébn dugc loai bé thong qua bd
phén loai b6 san pham phu khéng mong mubn (65). Sau @6, khi hydro dugc bom thong
qua bom (70) vao thung dém (80), & d6 khi hydro dugc tich trir tam thoi trude khi duge
st dung trong thing nhién liéu (90). Thung dém (80) dugc trang bi bd cam bién ap suét
(81), duoc thibt k& dé do 4p sut bén trong thung dém (80).

Theo phuong an nay, hé thdng san xuét khi hydro ciing bao gbm bd vi xit Iy (50)
duge cung cip vdi cac dai lugng do ap suét bén trong thing dém tir by cam bién 4p suét
(81) cia thing dém. Sau d6 bd vi xit Iy (50) tinh toan tbc dd bom t6i wu clia mdi chat
phén tmg dua trén 4p suft do dugc trong thung dém. Téc @ bom tdi wu ctia mdi chit
phéan g tao ra qua trinh san xuét t6i tu hydro. Bo vi xir 1y (50) giri tbc d6 bom t&i 1
tinh todn dugc thong qua bd diéu khién phuong tién bom chét phan ting thir nhit (28) dén
phuong tién bom chét phan tng thir nhét (25), va thong qua bd diéu khién phuong tién
bom chét phan tng thit hai (38) dén phuong tién bom chét phan tmg thir hai (35). Theo
cach thirc nay, tc dd bom t6i wu tinh toan dugce duge thuc hién béng hai phuong tién

bom chit phan tng (25, 35).

Céc dai luong do ciia bd cam bién ap sudt (52) va bo cam bién nhiét db (54) cla
budng phan tmg dugc st dung lam tin hiéu an toan dé dimg phén Ung sén xuét khi hydro
khi nhiét d6 hodc 4p suét bén trong budng phan tmg dat dén tri s6 x4c dinh trude. Ap subt
xac dinh trirde néu trén cia bufSng phan tng dugc tinh toan dya trén d0 nguyén ven cdu
trac cta budng phan tmg (10), v6i cac mirc gi6i han an toan thich hop. Khi ap sudt do

~
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duoc bén trong budng phan tng (10) dat dén 4p sudt xac dinh trudc néu trén, phan tng

san xuét khi hydro s& dugc dimg.

Theo mét bién thé cua phuong an thi nhét, 4p suét va nhiét do do dugc bén trong
budng phan Ung cling dugc cung cép cho bd vi xit 1y (50), va cling dugc sir dung dé tinh

toan toc d0 bom t6i wu clia moi chat phan tng.

Fig.2 13 so @ thé hién hé thong san xuat khi hydro theo phuong én th hai, dugc
trang bi budng phén ung (10) duge thiét ké dé thuc hién phén ung hoéa hoc va san xuét
khi hydro tix céc chit phan Gng ban dau. Budng phan tmg (10) duoc trang bi b cam bién
4p sult (52) va bd cam bién nhiét do (54), dugc thiét ké d€ twong ing do 4p suét va nhiét
do bén trong budng phan tmg (10). Theo phuong 4n nay, hé théng san xuét khi hydro
ciling bao gdm thiét bi chira chét phan tmg thir nhét (20) duoc thiét ké @& chira chat phan
émg thir nhét, thiét bi chira chit phan tmg thir hai (30) dwoc thiét ké d€ chira chét phan
g thir hai, va thiét bi chira chét phan tng thir ba (40) dugc thiét k& @& chira chit phan
g thir ba. Mdi chét phan g nay 13 chét phan tmg ban du cho phan trmg hda hoc san
xuét khi hydro. Khi dugc két hop, cac chét phan tmg nay phan mg hoéa hoc v6i nhau va

san xuét khi hydro.

Thiét bi chira chét phan Gng thir nhdt (20) dugc néi v6i phuong tién bom chét
phan tmg thir nhét (25). Phuong tién bom chét phan tmg thir nhét (25) dugc thiét ké dé
bom chit phan tmg thu nhét vao budng phan tmg (10). Theo phuong 4n thir hai, chét
phan tng thi nhét 12 hydrua hoa hoc & dang bot hodc dang hat, va phuong tién bom chét
phan tng thi nhét (25) 13 thiét bi phun nhu may bom phun, may tiép liéu kidu vit hodc
thiét bi truyén dong co hoc. Do d6, phuong ti¢n bom chét phan tmng thi nhét (25) bom
chét phan tng hydrua héa hoc vao budng phan tng (10) théng qua cira bom thi nhét
(26).

Thiét bi chira chat phan tmg tht hai (30) dugc ndi v6i phuong tién bom chét phan
&g thi hai (35). Phuong tién bom chét phan tmg tht hai (35) duoe thiét ke d& bom chét
phan tng thir hai vao budng phan tmg (10). Theo phuong 4n thit hai, chét phan tng thi
hai 12 chat xtc tac, nhu chét xuc tac trén co s& kim loai, chét xuc tac dang 16ng, hodc chét
xuac tac hiru co, va phuong tién bom chét phan tmg tht hai (35) 13 thiét bi phun co hoc
nhu méy tiép liu kiéu vit. Do d6, phuong tién bom chat phan tmg thr hai (35) bom chét
xtic tic vao budng phan tmg (10) thong qua cira bom thit hai (36).

8
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Thiét bj chira chit phan tmg tht: ba (40) dwgc ndi véi phuong tién bom chét phan
{mg thir ba (45). Phuong fién bom chét phan tmg thi ba (45) dugc thiét ké d€ bom chét
phan ting thir ba vao budng phan tmg (10). Theo phuong 4n thir hai, chét phan (g thir ba
1a nuéce hodic hoi nude va phuong tién bom chit phan tmg thir ba (45) bao gdm bom va
voi phun. Do d6, phuong ti€én bom chét phan tGng thi ba (45) bom nudc hodc hoi nude
vao budng phan tmg (10) théng qua cira bom thit ba (46). Mot bién thé khac cia phuong
an nay la bb sung axit hodc cac chét phu gia khac vao nuéce hodc hoi nuée dé tang cuodng

san xut khi hydro.

Theo céch thirc nay, ba chit phan tng dugc bom vao budng phan tng (10), do d6
hoat héa phan Gng hoéa hoc san xuét khi hydro va mot s6 san phdm phu khéng mong
mubn. Khi hydro dugc phéin tach ra khoi céc san phém phu khoéng mong mubn nay trong
thiét bi loc (60), & d6 cac san phim phu khéng mong muébn dugc loai bé théng qua bo
phén loai bé san phidm phu khong mong mudn (65). Sau d6, khi hydro duge bom thong
qua bom (70) vao thung dém (80), & d6 khi hydro dugce tich trir tam thoi trude khi duge
st dung trong thung nhién liéu (90).Thing dém (80) dugc trang bi bd cam bién ap suét
(81), dugc thiét k& dé do 4p suit bén trong thung dém (80).

Theo phuong 4n ndy, hé théng san xuét khi hydro cling bao gbm bd vi xi Iy (50)
duge cung cép vé6i cac dai lugng do ap suit bén trong thung dém tr by cam bién ap suét
(81) ciia thimg dém. Sau dé bd vi xir 1y (50) tinh toan tdc do bom tdi wu cia mbi chét
phan tmg dua trén ap suit do duge trong thing dém. Tbc do bom t6i wu ciia mdi chét
phan {mg tao ra qua trinh san xuét tbi wu hydro. B6 vi xit Iy (50) giri tbe @6 bom t6i uu
tinh toan dugc thong qua bo didu khién phuong tién bom chét phan tmg thi nhét (28) dén
phuong tién bom chit phan émg thir nhit (25), va thong qua bd diéu khién phuong tién
bom chét phan tmg thi hai (38) dén phuong tién bom chit phan ing thir hai (35), va
thong qua bd didu khién phuong tién bom chét phan tmg thir ba (48) dén phuong tién
bom chét phan tng thit ba (45). Theo cdch thirc ndy, tbe d6 bom t0i wu tinh todn duge
duge thue hién bing ba phuong tién bom chét phan tmg (25, 35, 45).

Céc dai lugng do clia bd cam bién 4p sudt (52) va bd cam bién nhiét dd (54) cla
bubng phan tmg dugce sir dung 1am tin hiéu an toan dé dimg phan ng san xuét khi hydro
khi nhiét d6 hoic 4p suit bén trong budng phéan tmg dat dén tri sb x4c dinh trudc. Ap suit
x4c dinh trude néu trén cla budng phan tmg dugc tinh todn dua trén d0 nguyén ven ciu

Q
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trac cia budng phan tng (10), v6i cdc muc giéi han an toan thich hop. Khi ap suit do
duoc bén trong budng phan tmg (10) dat dén &p suét xac dinh trude néu trén, phan ing

san xuét khi hydro s& duoc dimg.

Theo mét bién thé cia phuong 4an tht hai, 4p sudt va nhiét d6 do duoc bén trong
budng phan tmg ciing dugc cung cip cho bo vi xit 1y (50), va ciing duge sir dung dé tinh

toan toc dd bom t6i wu cla moi chit phan img.

Fig.3 14 so d6 thé hién hé théng san xuét khi hydro theo phuong 4n thir ba, duge
trang bi budng phan tng (10) duge thiét ké dé thuc hién phan vmg hoa hoc va san xubt
khi hydro tir cac chit phan tmg ban diu. Budng phéan tmg (10) dugc trang bi bd cam bién
&p suét (52) va bd cam bién nhiét d6 (54), duogc thiét ké dé tuong tng do 4p sult va nhiét
d6 bén trong budng phan wng (10). Theo phuong 4n nay, hé théng san xuét khi hydro
cling bao gbm thiét bi chira chat phan Gng thir nhit (20) duoc thiét ké dé chira chit phan
tmg thir nhat, thiét bi chita chit phan tng thir hai (30) dugc thiét ké d& chira chit phan
g tht hai, va thiét bi chira chit phan tng thi ba (40) dugc thiét ké dé chia chit phan
tng thir ba. Mdi chéit phan (mg nay 14 chét phan (mg ban dau cho phan tmg héa hoc san
xuét khi hydro. Khi duge két hop, cic chit phan tmg nay phan tmg héa hoc v6i nhau va

san xuét khi hydro.

Theo phwong 4n thit ba, thiét bi chtta chat phan tmg thi nhét (20) va thiét bi chira
chit phan tmg tha hai (30) dugc ndi véi thiét bi tron (250). Theo phuong an nay, chit
phan tmg thir nhét 13 hydrua hoéa hoc & dang bot hodc dang hat, va chit phan tng thir hai
1a chét xtic tic, nhur chit xuc tac trén co s& kim loai, cht xfic tic dang 16ng, hodc chét
xuc tac hitu co. Hydrua héa hoc va chét xuc tac duoc cép vao thiét bi trén (250), & d6
ching dugce trdon vGi nhau dé tao thanh hdn hop hoéa chét dugc tron so b0. Hon hop hoa
chét duoc tron so bd ndy 14 chit phan tmg ban diu cho phan tng san xuét khi hydro.
Thiét b tron (250) cing duoc thiét ké dé bom hdn hop hoa chét duoc tron so bd nay vao
budng phan tmg (10). Theo phwong 4n ndy, qu trinh ndy dugc thuc hién bing thiét bi
phun nhu may bom phun, may tiép lidu kiu vit hodc thiét bi truyén dong co hoc. Do d6,
thiét bi tron (250) bom hdn hop hoa chit duoc trén so bd nay vao budng phan g (10)
thong qua cira bom thir nhét (26).

Thiét bi chira chit phan tmg thir ba (40) dugc ndi v6i phuong tién bom chét phéan
g thir ba (45). Phuong tién bom chit phan tmg thir ba (45) duoc thiét ké d& bom chét
10
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phéan ing thir ba vao budng phan tmg (10). Theo phuong 4n thit ba, chét phan tng thir ba
13 nude hodic hoi nudce va phuong tién bom chét phan tg thit ba (45) bao gbm bom va
voi phun. Do d6, phuong tién bom chét phan tmg thit ba (45) bom nuéc hodc hoi nude
vao budng phén Gng (10) thong qua cira bom thir ba (46). Mot bién thé khac clia phuong
4n nay 12 b6 sung axit hodc cac chét phu gia khac vao nude hodc hoi nudce dé tang cuong

san xuét khi hydro.

Theo céch thitc nay, ba chét phan ting duge bom vao bubng phan img (10), do do
hoat hoa phan tng héa hoc san xuét khi hydro va mot s6 san phim phu khéng mong
mudn. Khi hydro duge phén tach ra khéi cac san pham phu khéng mong mudn nay trong
thiét bi loc (60), & d6 cac san phim phu khong mong mubn dugc loai bé thong qua bd
phan loai bé san phim phy khong mong mubn (65). Sau dé, khi hydro dugc bom thong
qua bom (70) vao thung dém (80), & d6 khi hydro dugc tich trit tam thoi trude khi dugce
sit dyng trong thing nhién liéu (90).Thing dém (80) dugc trang bi b cam bién 4p sudt
(81), duoc thiét ké dé do 4p suat bén trong thing dém (80).

Theo phuong én nay, hé thong san xut khi hydro ciing bao gbm bd vi xir Iy (50)
duoge cung cip véi cac dai luong do ap sut bén trong thung dém tir b) cam bién 4p suit
(81) cua thing dém. Theo phuong an nay, b vi xit Iy (50) tinh toan tbc @6 tron tdi wu cia
chéit phan g thir nhat va chét phan tmg th hai trong thiét bj tron (250) dua trén dp suét
do dugc bén trong thung dém, va giri tbc do tinh toan dugc ndy dén thiét bi tron thong
qua bd didu khién thiét bi tron (280). Theo phuong an ndy, b vi xir Iy (50) cling tinh toan
t6c d6 bom t6i wu ctia chit phan ung thir ba vao budng phan vmg (10) dya trén 4p suét do
duoc bén trong thing dém, va gui téc do tinh toan dwgc ndy dén phuong tién bom chét
phan tmg thr ba (45) théng qua bd didu khién phuong tién bom chét phan tng thir ba
(48). Toc d6 tron t6i rru va téc do bom tdi vu cia cac chét phan mg tao ra qué trinh san

xuét t&i uu hydro.

Céc dai lugng do cita bd cam bién 4p suét (52) va bo cam bién nhigt d6 (54) ciia
budng phan tmg dugc sir dung 1am tin hiéu an toan dé dimg phan tng san xuét khi hydro
khi nhiét do hodc 4p sudt bén trong budng phan mg dat dén tri s6 x4c dinh truéce. Ap suét
xac dinh truée néu trén cua budng phan {mg duge tinh todn dya trén d6 nguyén ven ciu

tric ctia budng phan g (10), v6i cdc mirc giéi han an toan thich hop. Khi ap suét do
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7
A

san xuat khi hydro s€ dugc dung.

Theo mét bién thé cia phuong 4n thir ba, 4p suit va nhiét d6 do dugc bén trong
bubng phan tmg ciing duge cung cdp cho bd vi xit 1y (50), va ciing duge sir dung dé tinh

toan t6c dd bom t6i wu ctia mdi chét phan ting.

Trong toan bd cac phuong 4n néu trén, hydrua héa hoc bao gém, nhung khéng chi
gi6i han &: natri bohydrua, bo hydrua, nito hydrua, cacbon hydrua, hydrua héa hoc, bo
nito hydrua, bo cacbon hydrua, nito cacbon hydrua, kim loai bo hydrua, kim loai nito
hydrua, kim loai cacbon hydrua, kim loai bo nito hydrua, kim loai bo cacbon hydrua, kim
loai cacbon nito hydrua, bo nito cacbon hydrua, kim loai bo nito cacbon hydrua, NaH,

LiBHa, LiH, CaH,, Ca(BHa4),, MgBH4, KBH4, AI(BH3)3, hodc hén hop cua ching.

Trong toan bd cdc phuong 4n néu trén, chit xtc tac bao gdm, nhung khéng chi
gidi han &: oxit trén co s& coban, borua, axit rén, mubi, hodc hén hop cua ching. Mubi ¢6
thé 12 hop chét ciia cac ion bit ky: ruteni (Ru), coban (Co), niken (Ni), ddng (Cu), sit
(Fe) hodc hdn hop ciia ching.

Cac s6 chi dan trén hinh vé

Budng phan tmg (10); thiét bi chira chit phan tng thir nhét (20); phuong tién bom
chét phan tng thir nhit (25); thiét bi tron (250); cira bom thir nhét (26); bd didu khién
phuong tién bom chit phan tmg thir nhét (28); bo diéu khién thiét bi trén (280); thiét bi
chtra chét phan tmg thtr hai (30); phuong tién bom chét phan émg thir hai (35); cira bom
thir hai (36); bd didu khién phwong tién bom chét phan Gng thtr hai (38); thiét bi chira
chét phan tmg thir ba (40); phurong tién bom chét phan tmg thir ba (45); ctra bom thi ba
(46); b6 didu khién phuong tién bom chét phan tmg thir ba (48); bd vi xtt Iy (50); bd cam
bién 4p sudt (52); bd cam bién nhiét d6 (54); thiét bi loc (60); bd phan loai bd san phdm
phu khéng mong mubn (65); bom (70); thing dém (80); bd cam bién 4p sudt (81) cua
thung dém; thung nhién li€u (90).

12
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YEU CAUBAO HO
1. Hé thdng san xuét khi hydro, bao gdm:
budng phan tmg (10);

thiét bi chira chit phan (g thir nhét (20) chira chit phan tmg tht nhét, va chit
phan ting thir nhét 13 hydrua dang rin;

thiét bi chira chit phan tmg thir hai (30) chira chit phan tmg th hai;

phuong tién bom chit phan tng thir nhét (25), dé bom chit phan tng thir nhit vao
budng phan tng (10);

phuong tién bom chit phan tng thir hai (35), 48 bom chét phan tng tht hai vao
budng phan tmg (10);

thing dém (80) dé tich trit khi hydro san xuét dugc, thing dém (80) dugc trang bi
b6 cam bién ap sudt (81) d& do &p suét bén trong thing dém (80);

trong d6 cac chat phan tmg thtr nhit va thir hai duoc bom vao budng phan tmg
(10), do @6 hoat hoa phan timg héa hoc san xudt khi hydro;

phuong tién do nhiét d§ va 4p suét bén trong budng phan ung (10) trong d6 nhiét
d6 va ap suét do dugc bén trong budng phan tng (10) duoc sir dung dé tinh toan tdc d6
bom t&i wu ciia chit phan tmg thir nhét vao budng phan tmg (10) va tdc d bom i ru
ctia chit phan tmg thir hai vao budng phén tng (10);

phuong tién tinh todn tdc d6 bom ti wu cta chit phan tng thir nhét vao budng
phan tmg (10) va tdc d6 bom t5i wu ctia chét phan tng thit hai vao budng phan vmg (10)
dwa trén 4p suét do dwoc bén trong thung dém (80); va

phuong tién kiém soat tdc do bom cia chét phan tmg thir nhat va téc d6 bom coa
chét phéan tmg thir hai vao budng phan ung (10),

trong d6 te d6 bom tdi wu ctia chét phan Gng thir nhét va tbe d6 bom t6i wu cua
chét phan tig thi hai tao ra qu4 trinh san xuét t6i wu hydro.
2. Hé théng san xuit khi hydro theo diém 1, trong d6 chit phan tmg thir nhét 1a hydrua

héa hoc.
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3. Hé théng san xuét khi hydro theo diém 1, trong d6 chat phan ng thi nhét 12 hdn hop

dugc tron so bd chira hydrua hoa hoc va chat xuc tac.

4. Heé théng san xuét khi hydro theo diém 2, trong d6 phuwong tién bom chét phan Gng thir
nhét (25) vao budng phan tmg (10) 13 may bom phun.

5. Heé théng san xuét khi hydro theo diém 2, trong d6 phuong tién bom chét phan tng thiy
nhit (25) vao budng phan img (10) 12 méy tiép liéu kiéu vit.

6. Hé théng san xuét khi hydro theo diém 2, trong d6 phuong tién bom chat phan g thtr
nhét (25) vao budng phan tmg (10) Ia thiét bi truyén dong co hoc.

7. Hé théng san xuét khi hydro theo diém 1, trong d6 chét phan tmg thir hai 12 nuée.
8. Hé théng san xuét khi hydro theo diém 7, trong d6 chét phan ting th hai 12 hoi nuée.

9. Hé thdng san xuét khi hydro theo diém 1, trong d6 phwong tién bom chét phan tmg tht

hai 13 bom va voi phun.
10. Hé théng san xuét khi hydro, bao gbm:
bubng phan img (10);

thiét bi chira chit phan tmg thir nhat (20) chita chit phan tng thir nhét, va chat
phéan tng thir nhét 1a hydrua dang rén;

thiét bi chira chét phan tng thir hai (30) chira chit phan tmg thi hai,
thiét bi chita cht phan Gng thir ba (40) chira chit phan tmg thi ba;

phuong tién bom chét phan tmg thir nht (25), d& bom chit phan ung thir nhét vao
budng phan tmg (10);

phuong tién bom chét phan tmg thtt hai (35), dé bom chit phan Gng thir hai vao
budng phan tng (10);

phuong tién bom chét phan tmg thir ba (45), dé bom chét phan tng thir ba vao
budng phan tmg (10);

trong d6 cac chat phan tmg thir nhét, thi hai, va thir ba dugc bom vao budng phan
trng (10), do d6 hoat héa phan trng hoa hoc san xuét khi hydro;

phuong tién do nhiét do va ap sudt bén trong budng phan tng (10) trong d6 nhiét

d6 va ap suét do dugc bén trong budng phan tmg (10) dugc sit dung dé tinh toan t6c do
14
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bom t6i wu cia chat phan tmg thi nhét vao budng phan tng (10), tbc 36 bom tbi wu cia
chét phan tmg thit hai vao budng phan tmg (10), va tbc d6 bom t6i wu cta chét phan mg

thit ba vao budng phan tng (10);

thing dém (80) dé tich trit khi hydro san xuét dugc, thung dém (80) dugc trang bi
b cam bién ap suét (81) & do 4p suit bén trong thing dém (80);

phurong tién tinh ton tdc d6 bom t6i wu cia chit phan tmg thir nhét vao buong
phan tng (10), tdc do bom t6i wru ctia chit phan tmg thit hai vao budng phan tmg (10), va
tbc @6 bom t6i wu cua chit phan ing thi ba vae budng phan tmg (10) dya trén ap sudt do
duogc bén trong thung dém (80); va

phuong tién kiém sodt toc d6 bom cia chét phan Ung thir nhét, tbc d6 bom cia
chét phan tmg thi hai, va tbc do bom ciia chét phan tmg thir ba vao budng phan tng (10).

trong d6 tbc d¢ bom t6i wu cta chét phan tmg thit nhit, téc do bom toi wu cla chét
phan tmg thit hai, va tbe d6 bom t6i wu ciia chét phan tmg thit ba tao ra qué trinh san xut
tbi wu hydro.
11. Hé théng san xubt khi hydro theo diém 10, trong d6 chét phan tng thir nhét 12 hydrua
hoa hoc.
12. Hé théng san xuét khi hydro theo diém 10, trong d6 phuong tién bom chét phan tmg
thit nhat (25) vao budng phan tng (10) 12 méy bom phun.
13. Hé théng san xuét khi hydro theo diém 11, trong d6 phuong tién bom chét phan tmg
thir nht (25) vao budng phan Gng (10) 12 may tiép liéu kiéu vit.
14. Hé théng san xuét khi hydro theo diém 11, trong d6 phuong tién bom chét phan tmg
thir nhat (25) vao budng phan tmg (10) 12 thiét bi truyén dong co hec.
15. Hé thdéng san xudt khi hydro theo diém 10, trong d6 chit phan tng th hai 13 chét xtc
tac.
16. Hé théng séan xuét khi hydro theo diém 10, trong d6 chét phan Gmg tht ba 13 nude.
17. Hé théng san xuét khi hydro theo diém 16, trong d6 chét phan tng tht: ba 14 hoi nude.
18. Hé thdng san xuit khi hydro theo diém 17, trong d6 phuong tién bom hoi nude vao

budng phan tmg (10) [a bom va voi phun.
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19. Hé théng san xudt khi hydro, bao gbm:

budng phan tng (10);

thiét bi chira chét phan ting th& nhat (20) chira chét phan tmg thi nhét, va chit
phan Ung thir nhét 13 hydrua dang rin;

thiét bi chira chat phan tmg thir hai (30) chira chit phan tmg thi hai,

thiét bi chira chét phan tng thir ba (40) chita chét phan tmg thir ba;

thiét bi tron (250) d& tron chét phan tmg thir nhét va chét phén Gmg thi hai;

phurong tién bom chét phan tmg thir ba (45), d& bom chat phan émg thir ba vao
budng phan tmg (10);

trong d6 cac chat phan tmg thit nhét, thit hai, va thi ba dwoc bom vio budng phan
tmg (10), do d6 hoat hoa phan img héa hoc san xuit khi hydro;

phurong tién do nhiét do va ap sudt bén trong budng phan tmg (10) trong d6 nhiét
dd va 4p sudt do dugc bén trong budng phan tmg (10) duge st dung dé tinh toan tdc do
tron t8i wu cia chit phan tng thir nhét va chét phan tmg thit hai;

thung dém (80) dé tich trit khi hydro san xuit duge, thing dém (80) dugc trang bi
b6 cam bién ap suét (81) dé do &p suét bén trong thung dém (80);

phuong tién tinh toan tbc do tron t6i wu cia chat phan Gng thir nhit va chét phan
tng thir hai, va toc d6 bom t51 wru ciia chét phan tmg thi ba vao budng phan tmg (10) dua
trén &p sudt do duoc bén trong thung dém (80); va

phuong tién kiém soat tc do tron ciia chit phan tng tht nhit va chét phan g
thir hai, va tbc @ bom ctia chit phan tng thir ba vao budng phan tmg (10),

trong d6 toc dd tron t81 vu cia chit phan tmg thix nhét va chét phan tng thtt hai va
tbc do bom t4i wu cia chét phan tmg thit ba tao ra qué trinh sén xuét t6i v hydro.
20. He théng san xuét khi hydro theo diém 19, trong d6 chét phan tmg thir nht 1a hydrua
hoa hoc.
21. Hé théng san xuat khi hydro theo diém 19, trong d6 chét phan tng thi hai 1a chét xuc
tac.
22. Hé théng san xuét khi hydro theo diém 19, trong d6 chit phan tmg thit ba 1a nudc.

16
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23. Hé thdng san xut khi hydro theo diém 22, trong d6 chét phan tmg thir ba 12 hoi nudec.

24. Hé théng san xuét khi hydro theo diém 22, trong d6 phwong tién bom chét phan img

thir ba vao budng phan émg (10) 1a bom va voi phun.
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