CHUYEN DPE: KHi THAN UOT

A. LY THUYET.
1. Khi cho hoi nuéc (H,0) di qua than nung d6, xay ra ddng thoi cac phan tng (pu) sau:

C+H,0U' CO+H, (1)
a a a a
C+2H,0! CO,+2H, (2)

b 2b b 2b
= Hon hop khi B thu dugc sau phan tmg gdm: CO, CO,, H..
- Goi sb mol ctia carbon ¢ pu (1), (2) la a, b ta co:
- ncotnm=a+3b
- nc=a+b
- ng=2a+3b
2. Néu cho hdn hop X gdbm CO,, H,O di qua than nung do:

C+HOUCO+H, (3)
X X X X
C+2H,00 CO,+2H, (4)

y 2y y 2y
C+CO, " 200  (5)

-

z z 2z

- Goi s6 mol carbon & pu (3), (4), (5) 1ax, y, z.
- Pé thuan loi tinh toan & pu (5) ta coi nhu chi ¢6 CO, trong X phan tng.
- Hon hop khi Y sau phan timg gbm CO, CO,, H,.
- ny=2x+3y+2z
- Nc=x+ty+tz
- nx=xt2ytz

= N¢ =Ny — Ny
- neotnm=2(x+y+z)=2nc

= Ncoz = 2Nx — Ny



San phém khi thu dugc c6 CO, Ha, CO; ¢6 thé dung dé diéu ché cac chét can thiét trong
cong nghié€p nhu methanol, acetic acid, amoniac, ...
. Dan hén hop khi CO, CO2, H2 qua oxide kim loai sau Al nung néng thi oxide bi khtr vé kim

loai va ban chat cua phan ung la:

co+0t" co,

m+opr

= 1o wong oxide pr = Nco + N2
= Mehit rén giam = MO trong oxide pu
B. BAI TAP PUQC PHAN DANG.
e Dang 1: Thuin tinh toan theo phwong trinh héa hoc.
- Phuwong phap:
1) Viét PTHH.
2) Dit an s6 mol va tim phuong trinh toan lién hé.
3) Cht y d& bai c6 dir kién vé phan tmg cta hdn hop khi sau phan tmg cua than nong d6
va hoi nudc khong.
- Vidu minh hoa:
Cho hoi nuéce di qua than néng do6 sau khi loai bé hét hoi nuée thu duge 0,8 mol hdn hop
khi X gém CO, CO,, H,. Cho X di qua binh 1 dung dung dich Ba(OH), du thu dugc 35,46
gam két tia. Tinh s6 mol mdi khi trong X.

= Huéng din gidi:
C+H0! CO+H, (1)

C+2H,0! CO,+2H, (2)

- Goi s6 mol ctia Carbon pu ¢ mdi pu (1), (2) lan luot 13 x, y.
- Hobn hop khi X s& gdm: CO (x mol), CO, (y mol), H, (x+2y mol)
—X+ty+x+2y=2x+3y=0,8
- Dan X qua binh 1 chira Ba(OH), du:
CO, + Ba(OH), — BaCOs; + H,O

- Két tha 1a BaCO3 — Npacos = Ncor = y=0,18 mol — x= 0,13 mol



- Hbn hop X gébm: CO (0,13 mol), CO, (0,18 mol), H, (0,49 mol).

Céau 1: Cho m gam hoi nudc qua than néng d6 thu duoc 3,72 gam hdn hop khi X gdm CO, CO,, H
». Mat khac 0,6 mol X tac dung vira du 40 gam CuO ¢ nhiét do cao. Tinh m.

C+HO0U CO+H, (1)
a a a a
c+m£ofc0ﬁaHza)

b 2b b 2b
- Xét TN1 véi 3,72 g hon hop X ¢6: a mol CO, b mol CO,, (a + 2b) mol H,
= 3,72 =28a+ 44b + 2(at2b)
- Xét TN2: 0,6 mol X tac dung du voi 40 gam CuO.
necwo = 0,5 mol = neo + N2

N nX 20,6:2a+3b
nCO+nH2 0,5 2a+2b

= a=0,06;b=0,04
= nmo=a+2b=0,14 mol
= m=0,14.18=252¢g

Ciu 2: Cho hoi nuéc di qua than nong do thu duoc V lit (dkc) hdn hop khi X gdbm CO, CO,, H, co t
i khéi so v6i khi Helium 14 3,875. Dan toan b X qua bot CuO du nung nong, sau khi phan tmg xay
ra hoan toan thay chét rin giam di 8 gam. Tinh V.

C+HO0!U CO+H, (1)

a a a a

C+2H,0! CO,+2H, (2)

b 2b b 2b
= Hdn hop X c6: a mol CO, b mol CO,, (a + 2b) mol H,
= mx=nx.Mx=(2a+3b).3,875.4=28a+44b +2(a+ 2b)

co+ofc&

H+0t HO



- Mchét rén giam — mo trong oxide pu — 8g
= No trong oxide pu — Nco + N = 2a + 2b = 8/16 = 0,5

= a=0,15b=0,1 - V=2479.(2a+3b)=14,874 L

Ciu 3: Cho hoi nuéc di qua than néng do, sau khi 1am kho hét hoi nudc thu duge hdn hop khi X
gém CO, CO,, H,. Ti khéi ctia X so vai khi hydrogen 1a 7,875. Can bao nhiéu kg than c6 chira 4%
tap chét tro dé thu duoc 48000 mol hdn hop X, biét rﬁng c6 96% carbon bi dbt chay.

C+HO0U CO+H, (1)
a a a a
C+2H,0 CO,+2H, (2)

b 2b b 2b
Hon hop X ¢6: a mol CO, b mol CO,, (a + 2b) mol H,
48000 =2a + 3b
mx = 48000 . 7,875 .2 =28a+44b + 2(a + 2b)
a=6000; b= 12000
Mcaas= 12.(a +b)/0,96 = 225000¢g
Muan = 225000/0,96 = 234375¢g

L N R

Ciu 4: Cho 0,5 mol hoi nuéc qua carbon nung néng dé thu duoc 0,9 mol hdn hop khi X gém CO,
CO,, H,. Cho X hép thu vao 100 mL dung dich NaOH 1,5M thu duogc dung dich Z. Cho tir ttir dung
dich Z vao 120 mL dung dich HCI 1M thu dugc V lit khi CO, (dkc). Tinh V.

C+HO0U CO+H, (1)
a a a a
C+2H,0 CO,+2H, (2)

b 2b b 2b
- nmo=a+2b=0,5
- nx=2a+3b=0,9
= a=0,3;b=0,1
= X ¢6 0,1 mol CO,
- Nneon = 0,15 mol. Gid sit Z c6 x mol Na,CO; va y mol NaHCO:s.



CO, +2NaOH — Na,CO; + H,O
X 2x X

CO;, + NaOH — NaHCO;

y y y

= 2x+y=0,15vax+y=0,l1

= x=0,05;y=0,05

= NNa2c03 pu HCl = NNaHCO3 pr 1 = £ MOl
- nHCI=0,12 mol=2t+t1

= t=0,08 mol

= V=0,08.24,79=1,9832 L

Ciu 5: Dan 0,275 mol hdn hop X gdm hoi nuéc va khi CO, qua carbon ndng d6 thu dugc 0,475
mol hdn hop Y gdm CO, CO,, Ho. Cho Y hép thu vao dung dich Ba(OH), du thu duoc m gam két

tua. Tinh m.

C+H20tjCO+Hz
X X X X

C+2H,0t" CO,+2H,

y 2y y 2y
C+Co, t° 2C0O

-

zZ z 2z
- nx=x+2y+z=0,275 mol
- ny=2x+3y+2z=0,475 mol
- Ncox =Yy = 2nx —ny = 0,075 mol
- Vi Ba(OH), du nén chi c6 phan tng tao BaCOs:
CO, + Ba(OH), — BaCOs + H,O
= Npucos = Nco2 = 0,075 mol

= m=0,075.197=14,775¢g



Cau 6: Dan 0,5 mol hon hop gém hoi nude va khi CO, qua carbon ndng dé thu dugc 0,95 mol hon
hopY gém CO, CO,, H,.Cho Y hép thu hoan toan vao dung dich chtra 0,2 mol Ba(OH).. Sau khi

phan mg dién ra hoan toan thu dugc m gam két taa. Tinh m.

C+H0! CO+H,
X X X X
C+2H,0t" CO,+2H,

y 2y y 2y
C+CO, t" 2¢O

—

z z 2z
- nx=x+2y+z=0,5mol
- ny=2x+3y+2z=0,95 mol
- Ncox =Yy = 2nx —ny = 0,05 mol

C02 + Ba(OH)z — BaCO3 + Hzo
0,05 0,2

= Ba(OH), du nén ngacos = 0,05 mol
= m=9,85¢g

Cau 7: Dan 0,04 mol hdn hop gdm hoi nuéc va khi CO, qua than nung d6 thu duge 0,075 mol hdn
hop Y gdm CO, CO,, H,. Dan Y di qua binh dung 20 gam hén hop Fe,0s va CuO (du, nung néng).

Sau khi phan tmg xay ra hoan toan thu dwgc m gam chét ran. Tinh m.

C+H0! CO+H,
X X X X

C+2H,0t" CO,+2H,

y 2y y 2y
C+CO, t" 2C0O

z z 2z

- nx=x+2y+z=0,04 mol



- ny=2x+3y+2z=0,075 mol

- ne=x+y+z=ny—nx=0,035mol

- Nco + g =2x + 2y +2z=2nc = 0,07 mol
= N0 trong oxide pr = Nco + Nz = 0,07 mol

= m=20-0,07.16 = 18,88¢g

Ciu 8: Dan a mol hdn hop X gdm hoi nuéc va khi carbonic qua carbon nung do6 thu dugc 1,75a mol
hdn hop Y gdm CO, CO,, H,. Cho Y hip thy vao dung dich Ca(OH), du, sau khi phan tmg dién ra

hoan toan thu duoc 0,75 gam két tia. Tinh a.

- nCO2 =2nX—-nY =0,25a mol
- nCaCO3 =0,0075 mol
= a=0,03

Cau 9: Hon hop X chua téng 1 mol cac chit O,, N,, H,O. Dan X qua than néng dé thu duogc hon
hop khi Y gdm Na, CO, CO,, H,. Ddn Y qua dung dich nudc voi trong du thu duoc 10 gam két tua
va hon hop khi Z. Cho Z qua hdn hop cht ran gém CuO va Fe,O; (du, nung néng) dén khi phan

g hoan toan thdy khdi lugng chat ran giam 9,6 gam. Tinh phan tram thé tich N, trong X.

- Ncacos = Neoz = 0,1 mol

- Nco + Nz = N0 trong oxide pu = 9,6/16 = 0,6 mol

- Nco= 0,6 —np = 0,6 — nio () (Béo toan H)

- Bao toan O: 2.n0, x) + Nizo (x)= Nco + 2.0c02
= 2.N02x)+ N0 = 0,6 — Nmo x+ 0,2

No2 x)+ N0 (x)= 0,4 mol

n: =1-0,4=0,6 mol

%V = 60%

4 4 0

Ciu 10: Cho 0,6 mol hon hop gdm CO, va hoi nudc di qua than nung d6 thu duge 0,9 mol hdn hop

X gdm CO, CO,, H,. Cho X hip thy vao 200 mL dung dich NaOH 2M thu duoc dung dich Z. Cho

tur tor dung dich Z vao 150 mL dung dich HC1 1M thu dugc V lit (dke) khi CO,. Tinh V.
C+H0! CO+H,

X X X X



C+2H,0t" CO,+2H,

y 2y y 2y
C+CO, t" 2¢O

z z 2z
- nCO2=y=2.0,6-0,9=0,3mol
- Dung dich Z chira a mol Na,COs; va b mol NaHCO:s.
= 2a+b=202vaa+b=0,3
= a=0,1vab=0,2

N nNa2C03pu’HCl:l
nNaHCO3 pv HCl 2

= NNa2c03 puHCI= t VA NNaHCO3 pu HCI = 2t
- Nacl = 2.Na2003 pr + DNarcos pe= 0,15
= t=0,05 mol
= Vo =24,79.(t+2t)=3,7185 L
e Dang 2: Cac lién h¢ thue té tir sin pham thu dwgc ciia phan tng khi than wét.
- Phwong phap: San pham thu duoc c6 CO, H,, CO, ¢6 cac tng dung thyc té nhur:
1. Tong hgp methanol duéi xiic tac thich hop:
CO + 2H, — CH;0H
2. Tong hop acetic acid dwdi xic tac thich hop:
CH;0H + CO — CH3COOH
3. Téng hop amoniac & diéu kién thich hop:
N, + 3H; — 2NH;

Vi du minh hoa:
Syngas 1a hon hop thu dugc sau phan tng giita carbon va hoi nuéc. Trong syngas c6 khi
hydrogen va khi carbon monoxide (m6t khi kha doc) nén cac nha héa hoc c6 mong mudn
str dung n6 nhu 1 ngudn nguyén lidu tong hop héa hoc. Vi xtic tac Cu/Zn/Al, nhiét d6 230
—270°C, &p sudt 50 — 150 bar, khi carbon monoxide c6 thé phan tmg véi khi hydrogen tao
methanol.

a) Viét phuong trinh héa hoc.



b) Liéu luong an toan ctia methanol khi pha ché trong dugc liéu 14 0,05 g/L. Tinh s6 gam
than (c6 3% tap chat tro) dé thu dugc 1 L methanol an toan. Gia sir hiéu ing cac qué

trinh 1a 100% va sau phan tng tao methanol, syngas khéng con CO va Ha.
C+H0! CO+H,
C+2H,0! CO, + 2H,

CO +2H, t*> Xt CH,OH

1.
- Nimethanol = (;’205 = 0,0015625 mol = Nco

- Nhydrogen = 2.0,0015625 = 0,003125 mol
— nc = =0,002344 mol 200

0,002344.12
0,97

— Mthan =

=0,02992 gam.

Ciu 1: Phan tng giita hoi nude va than nung d6 tao ra mot hdn hop khi tén syngas gdom CO, CO,
, Ho. Tir hon hop syngas nay, ngudi ta c6 thé tong hop nén xing theo quy trinh Fisher — Tropsch (san
pham 1a C,Hae va nude) néu co thé diéu chinh ti 16 s6 mol H,:CO trong khoang 2:1 t6i 3:1. Gia sir

¢6 1000 mol CO va Ha, hiéu suat phan tng tong hop xing 1a 50%. Viét cac phan tng xay ra va tinh
toan s6 kg xang thu dugc voi ti 16 2:1 va 3:1.

C+HO0! CO+H,
C+2H,0t" CO,+2H,

12CO +25H, t” CHae+ 12H,0

e Véitilé sé mol HyCO 1a 2/1:

2 N = Zi)ﬁ mol va neo = % mol

- Phén ting tao xang tinh theo CO.

- £ N z 500
- Hiéu suat 50% nén thuc t&: nco o xing = N mol

= nC12H26: % mol



= S6 xdng thu duoc = %.17022361, 11(g)=2,3611(kg)

e Vi til¢ s6 mol H2/CO 1a 3/1:
= np = 750 mol va nco = 250 mol
- Phan Ung tao xang tinh theo CO.
- Hiéu suét 50% nén thuc té: nco a0 xang = 125 mol

125
E> = —
1’1C12H26 12 mol

. 125 :
= S0 xdng thu dugc = H.170:1770,83(g):1,77083(kg)

Ciau 2: Khi amoniac duoc tong hop tir hydrogen va nitrogen theo quy trinh Haber — Bosh véi higu
sudt 30%. Gia sir 1000 m® hdn hop syngas chi gdm CO va H, theo ti 18 mol 14 1:3, hay tinh luong

amoniac thu dugc tir qua trinh va can bao nhiéu kg carbon dé thu dugc luong H, trén (3,8.10° mol).

Cho rang san pham chi c6 CO va H, tirc chi ¢6 phan tmg sau: C + H,O tj CO +H,

C+H0! CO+H,

N, + 3H2tj ONH;
5
- Hiéu suét 1a 30% nén nxi; = %:8,4.105 mol

= mww = 1,428.10" g
= mc=4,56.10°

Ciu 3: Dan hoi nuéc di qua than ndng d6 sé thu duge hdn hop khi gom CO, CO,, H,. Bé loai bo
lugng CO trong hdn hop ta co thé sir dung phan tng reforming gitta CO va hoi nude dé tao ra CO
» va H,. Luong hydrogen thu dugc cudi ciing c6 thé dung dé san xuat kim loai.

1) Néu mudn thu duoc 56 kg sét tir Fe,O; thi cin bao nhiéu kg carbon dé didu ché lugng
hydrogen can thiét (cho rang hi¢u suat cac phan ung 1a 100%).
2) Dé xuét li do cho viéc khong dung carbon khir thing oxide sit.

C+HO0! CO+H,
X X X

C+2H,0t" CO,+2H,



y y 2y
CO + H,0 t",}t CO, +H,
X X

Fe,0; + 3H, { 2Fe + 3H,0

1500 1000

= g = 1000 mol — ny; = 1500 mol = 2x + 2y = 2.nc
= nc =750 mol
- Khéng dung Carbon khir thang oxide vi san pham s& sinh ra CO 1a mot khi doc

Cau 4: Carbon monoxide 1a mot khi doc nhung lai c6 tac dung trong vi¢c bao quan cé va thit do néu
duoc diéu chinh ding lidu luong. Hon hop khi diéu chinh bao vé ca gém 61,2% khi carbonic,
38,4% khi nitrogen va 0,4% khi carbon monoxide (vé thé tich).

Khi dan hoi nuéce qua than nung do6 du, thu dugc khi carbon monoxide. Nguoi ta mubn tan dung san
pham nay dé pha véi lugng carbonic va nitrogen di c¢6 sin nham bao quan ca thi can bao nhiéu gam
hoi nudc dé tao ra lugng carbon monoxide dat tiéu chuén, biét hiéu suat phan Gng khi than u6t 1a
65% (gia sir ¢6 100 L khi diéu chinh va khéi luong riéng ctia carbon monoxide 1a 1,25 g/L).

Dé thuén loi tinh toan, cho rang khi than du chi ¢6 phan tng: C + H,O t CO+H,

- 100 L khi diéu chinh c6: 0,4 L khi CO

- mco=04.125=0,5¢g
= nco = 0,0179 mol
= nio = 0,0275 mol (hiéu suit 65%)
= Mo = 0,495g

Ciu 5: Acetic acid nong d6 3% - 5% dugc (g dung trong viéc chuan doan tén thuong co tir cung.
Dé diéu ché acetic acid, ngay nay thuong str dung phan tmg giita carbon monoxide va methanol.
Mot bac st mudn ¢6 100 gam dung dich acetic acid 3% nén da dat hang voi nha may. Nha may nay
da quyét dinh sir dung phan g khi than wét. Ho d diéu chinh phan tmg sao cho hdn hop san pham
syngas chi gom CO, H, va ding lugng san pham nay dé dicu ché.

- Giai doan 1: Cho toan bo lwong H, trong syngas phan tmg v6i mot lwong CO can thiét
trong syngas dé tao methanol

- Giai doan 2: Lay methanol vira thu dugc cho phan tng véi luong CO con lai trong
syngas dé tao ra lugng acetic acid nhu yéu cau.

Gia str cac phan tng ¢ hiéu suat 100%, hiy cho biét nha may can bao nhiéu than (c6 2,8% tap chat
tro) dé cho ra san pham yéu cau ? (cho rang két thuc 2 giai doan thi H, va CO déu khong con).



Cho rang san pham chi ¢6 CO va H, tic chi ¢6 phan tng sau: C + H,O tj CO +H,
C+HO0! CO+H,
X X X
CO +2H, "Xt CH,0H
0,05 0,1 0,05
CH;OH + CO s Xt CH;COOH

0,05 0,05 0,05

- Nemscoon = 0,05 mol
- Sau giai doan 1 thi H, hét nén x = 0,1 mol

2 My = 12.0,1/0,972 = 1,235¢

Céau 6: Phan ting khi than w6t tao ra hdn hop syngas c6 g dung rét tét trong viéc tao ning lugng
lam qua turbine khi. Trong str dung turbine khi, ngudi ta nén syngas t6i ap suat 2000 kPa va nhiét
d6 1200°C. Cho biét néu c6 1000 m* syngas (twong tmg 1,63.10° mol) thi cin bao nhiéu carbon véi
hiéu suét tao syngas & 60%? (coi trong syngas chi gdm CO va H,, cac chat khac c6 ti 1¢ khong dang
ke).

Cho rang san pham chi c6 CO va H, tirc chi ¢6 phan tmg sau: C + H,O tj CO +H,

- Tur pu thiy nco = ng, ma tong ¢ 1,63.10° mol syngas
= nco = nm = 8,15.10* mol
- Hiéu suét 1a 60% nén nc = 1,358.10° mol
= mc=16,296.10° ¢
Ciu 7: Xe Toyota Mirai 1a mot trong nhiing loai xe str dung pin nhién liéu hydrogen ngay nay. Dé
¢ hydrogen cung cip cho viéc 1am pin, cac nha san xuét sir dung theo phan tng khi than uét co
phuong trinh nhu sau:

C+H,0! CO+H,

Dé thir cong suét cua pin, cac nha thiét ké tao ra mot méi trudng 1y tuong (hiéu suit chuyén doi

nang lugng cho xe 1a 100%) thi tir 1 kg hydrogen s€ cho nang lugng 1a 33,33 kWh va ctr 100 km xe



di s& tén 0,76 kg hydrogen. Gia str ¢6 12 kg carbon, hiéu sudt phan tng khi than w6t 1a 60% thi xe di

duoc bao nhiéu km va xe nhén dugc nguon nang lugng 1a bao nhiéu ?

- n¢= 1000 mol
- Hiéu sudt 60% nén ny = 600 mol
= mu = 1200g = 1,2 kg
= Xe di dugc 157,89 km va nang lugng 14 39,996 kWh

Ciu 8: Reppe Carbonylation 1a mot phuong phép tong hop acrylic acid tir acetylene va CO véi xtic
tac Ni(CO),, nhiét do 50 - 100°C, ap sut 10 - 20 atm.

HC=CH + CO + H,0 "+ Xt CH,=CH-COOH

Trong cac qua trinh cong nghiép, khi CO s& thu tir phan Ung khi than uét C + H,O tj CO +H,

Gia str c6 150g than (chtra 96% carbon), hiéu suit ciia phan ung khi than w6t 1a 60% va luong
acetylene thu duoc 1a tir 260g dat dén véi 85% calcium carbide.

Hay cho biét lugng acrylic acid c6 thé thu duoc néu hiéu suat tdng hop cua phan tmg 13 75%
C+H,0t CO+H,
CaC, + 2H,O — Ca(OH), + HC=CH

HC=CH + CO + H,0 "+ Xt CH,=CH-COOH

- mc= 144g
= nc =12 mol
- Hiéu suét 60% nén nco = 7,2 mol
- Mecer = 221g
= Ncac2 = N2 = 3,45 mol
= Phan ung tao acrylic acid tinh theo C2H2
- Hiéu suit 75% nén Nueryiic acia= 2,59 mol

= Macrylic acid = 1 86,48g



Céu 9: Hon hop hydrogen 16ng va oxygen long dugc st dung dé lam nhién liéu tén lira. Tén lira dé
phong tau con thoi Columbia da dung 1457 m*® hydrogen 16ng va 541 m® oxygen long. Khoi lugng
riéng cua hydrogen long khoang 70,85 kg/m’. Lugng hydrogen nay dugc thu tir phan tmg khi than
udt. Néu than c6 80% carbon, hiéu suat phan Gng khi than w6t 1a 60% thi cAn bao nhiéu than dé thu

dugc lugng hydrogen can thiét ¢é phong tau con thoi ?
C+H0! CO+H,

- mp =103228,45 kg
= nw = 51614225 mol

- Hiéu suit 60% nén nc = 86023708,33 mol
= Mg = 1290,36 tin

Céu 10: Trong mot nha may dang thuc hién phan tng khi than wét, nguoi cong nhan khong can
than da dan ludng hoi nude c6 13n ca khong khi (chira 20% oxygen va 80% nitrogen) va 16 chua

than nong dé (khong c6 oxygen). Dudi nhi¢t do cao, gia st cac phan ing xay ra theo thir ty sau:
(1) C+H,0¢ CO+H,
) N+ 0,1 2NO
(3) 2CO+2NO !’ 2CO,+N,

Biét luc ddn nham ca khong khi lwong than chi di phan tng voi hoi nude va sau khi phan tmg
két thiic cong nhan thu dugc hdn hop khi X khong con khi CO va NO. Hay tinh ti 1& phan trim
vé thé tich mdi khi trong hon hop X.

- Két thuc phan tng 3 khong con khi CO va NO tic neo = nno
- Khéng khi chtra 4a mol N, va a mol O, nén & phan tng 2 thi O, s& hét
C+HO0! CO+H,
2a 2a
N,+0,¢ 2NO
a a 2a

2CO + 2NO { 2C0, + N,



2a 2a 2a a
- Hbn hop X s€ c6 N, 4a mol , CO, 2a mol , H, 2a mol
C. BAITAPSUU TAM.

Bai 1: Trong cong nghiép, khi hydrogen dugc diéu ché theo phuong phép di tir khi than uét:

Cho hoi nuéc qua than coe dot nong hon 1000°C thu dwgc hdn hop khi gdm CO va H, duogc goi

14 khi than u6t: C + H,Ot” CO + H,

Tron khi than w6t véi hoi nude rat du (thudng gip khoang 4 hay 5 1an) so v6i khi CO r6i cho

hdn hop di qua Fe,Os dugc hoat héa bang Cr,0s hay NiO & nhiét do 450°C dé thu duoc hdn hop

X gém H, va COx: CO+H,0 " CO,+H,

1) Khi than uét dugc sir dung 1am nhién liéu chay. Hay viét phuong trinh phan tmg xay ra khi
khi than ut chay va néu wu diém cia nhién lidu khi nay.
2) Trinh bay phuong phép thu khi hydrogen tinh khiét tir X.
3) Hay cho biét ¥ nghia, muc dich sir dung cua cac diéu kién phan tmg (1000°C, hoi nudc rat
du, Fe,0;).
Khi than w6t gom CO, H, c6 thé chay:

2C0 + 0, { 2C0,

2H, + 0, 2H,0

e Uu diém cua phuong phap:

- Hiéu suit chay cao: Do khi than u6t chira H,, mot loai khi d& chdy va cung cép ning luong
cao.

- Séan pham chay it gay 6 nhiém: Khi H, chay tao ra nuéc (H,0), mot san pham khong gy 6
nhiém moi trudng va giam lugng CO thai ra méi truong

- D& kiém soat qua trinh chdy: Khi than u6t chay c6 thé d& dang diéu chinh luong nhién liéu
va khi oxi, gitip kiém soat qua trinh chay hiéu qua.

e Phuong phap thu hydrogen tinh khiét:

e Hdn hop X sau phan tng gdm H, va CO, nén c6 thé hap thy hét khi carbonic bang dung
dich kiém du: CO, + 2NaOH — Na,CO; + H:0



e Y nghia cac diéu kién:
1. Nhiét d¢ 1000°C:

« Pam bao phan tmg giira than cbc (C) va hoi nudc (H,0) dién ra hoan toan, san sinh ra khi
than uét (CO va H,).

o  Gitip than cdc dat dén nhiét 6 can thiét &é phan tng v6i hoi nude hiéu qua.
2. Hoi nuwée rat du:

« Pam bao phan tmg chuyén héa CO thanh CO, va H, dién ra hoan toan.

«  Giam thiéu sy hinh thanh céc san phim phy va dam bao san luong H, cao nhét.
3. Fe,0, 12 chét xuc tac 1am ting toc do phan mg.

Bai 2: Acetic acid dugc sir dung rong rdi dé diéu ché polimer, tong hop huong liéu. Acetic acid

duoc tong hop tir ngudn khi than (gia thanh ré) theo cac phan tng hoa hoc sau:
(1) C+H,0! CO+H,
(2) CO+H, ! Xt CH;0H

(3) CH:OH + CO "> Xt CH,COOH

Gia thiét hiéu suat phan tng (1), (2) va (3) déu dat 70%. Dé san xuat duoc 2000 lit acetic acid
nguyén chit (D = 1,05 g/ml) thi can dung bao nhiéu tan than (chtta 92% carbon).

(1) C+H,0t CO+H,
8500 850
49 7

(2) CO+H, U'»Xt CH;OH

500
7 50



(4) CH;OH + CO !Xt CH;COOH

50 50 35
2000.1,05
- NCH3CO0H = 60 =35 mol
= Mihan = 12 M . 0; 92 = 2262,6 kg = 2,2626 tén

49

Bai 3: Cho mot ludng khong khi khé di qua 6ng dung than, dugc dét nong dé thu duge mot hdn hop
khi. Xéc dinh thanh phan % vé thé tich ctia hdn hop khi d6. Cho biét sau khi di qua mot luong du
dung dich potassium hydroxide, thé tich cia hdn hop khi giam 5% va sau d6 di qua dung dich
potassium pyrogallate (hap thy khi oxygen), thé tich ctia hdn hop khi khong bién dbi.

- Hon hop khi khéng c6 oxygen nén sé& chi chira CO, CO,
- Qua binh 1 CO, bi hip thu nén CO, chiém 5% va CO chiém 95%

Bai 4: 0,8 mol khi than u6t (CO va H,), khi di qua 60,8g hdn hop Cu,0 va Fe,05 dugc d6t chay tao

nén 7,2g H,0. Hoa tan san phim rin cia phan tmg vao luong dung dich HCI dic.

1) Xac dinh luong khi CO va H, trong khi than uét.
2) Xac dinh lwong Cu,0O va Fe,O; trong hdn hop ban dau.
3) Xéc dinh thé tich (dkc) cua khi thoat ra khi hoa tan san phdm rin cta phan Gmg vao dung

dich acid.

Cu,0 + H, { 2Cu + H,0
Cu,0 + CO t° 2Cu + CO,
Fe,0; + 3H, t 2Fe + 3H,0

Fe;0; +3CO t 2Fe +3CO;

Fe +2HCI — FeCl, + H

1) nmo = 0,4 mol =ny, — nco = 0,4 mol
2) Goi s6 mol Cu,0, Fe,0s lan luot 1a x, y
= x+3y=0,8 va 144x + 160y = 60,8



= x=0,2vay=0,2
3) np=0,4molnén V=9916L

Bai 5: Trong cong nghi¢p, khi str dung phan g khi than uét C + H,O " co + H, can cha y ham

lugng CO sinh ra phai & mirc an toan véi co thé. Pé kiém tra ndng do khi CO, ngudi ta c¢6 thé dan

khi CO qua mot trong cac cach sau:

1) Dan khi qua dung dich Cu,Cl, va NH; dé tao ra phirc phat Cu,Cl,.2CO.

2) Dan khi qua dung dich [Ag(NH;),JOH d¢ tao nhiing hat bac mau den rat nho, khi NH; va
dung dich (NH4),CO; khong mau.

3) Dan khi qua dung dich PdCl, dé tao nhiing hat Pd mau den rit nho, khi CO, va dung dich
hydrochloric acid.

4) Cho khi CO khir [,Os ¢ nhié¢t do 140°C tao iodine va khi carbonic.

Hay viét cac phuong trinh hoa hoc cho cac phan tmg phan tich khi CO.
CO + CU2C12 + NH3 — CU2C122CO
2[Ag(NH;),]JOH + CO — 2Ag + (NH4),COs + 2NH3

PACl, + CO + H,0 — Pd + CO, + 2HCI
5CO + L,Os { I, + 5CO,

Bai 6: Khi cho khong khi di qua 16p than cbc dbt nong trong 10, ngudi ta thu duoc hdn hop khi

carbonic, carbon monoxide, nitrogen va oxygen.

Dé phan tich thanh phan cta khi 16 than, ngudi ta 14y 1000mL khi ¢ 17°C, 4p suat 740 mmHg,
cho di qua mot hé théng binh hap thu khi. O binh thir nhit chira huyén phu phosphorous tring
trong nudc, thé tich khi giam bét 15mL. O binh thir hai chira dung dich Cu,Cl, trong amoniac,
thé tich khi giam 170mL. O binh thtr ba chtra dung dich KOH dam dic, thé tich khi giam 35mL.

1) Viét cac phan tmg héa hoc xay ra trong qua trinh.
2) Xac dinh thanh phan % vé thé tich cua khi 10 than.
e PTHH:
4P + 50, — 2P,0s



Cu,Cl, +2CO — CuCl,.2CO
2KOH + CO,; — K,COs + H,O
* Vcor=35mL — 3,5% CO,
e Ve=15mL — 1,5% O,
e Veo=170mL — 17% CO
o T78%N;

Bai 7: Mot nha may c6 10kg than dé thuc hién phan tmg khi than w6t (coi nhu chi tao ra CO va H2),
trong than c6 90% carbon con lai 1a cac tap chét tro va hi¢u suat phan tng 1a 70%. Ham luong khi

khéilugngCO__ s
khoi lugng khong khi ~

CO an toan 1a <9 ppm va dugc tinh & don vi ppm theo cong thirc

Hay cho biét v6i luong than trén thi lwong CO sinh ra c6 an toan khong biét khong gian nha may 1a

1000 m’ v&i mat do khong khi 1a 1,225 kg/m’.

Khéi luong khong khi = 1225 kg

10.0,9
- nC= o 0,75 kmol
- nCO=0,75.0,7=0,525 kmol
- mCO=14,7kg

- Ham lugng CO theo ppm = 12000

Bai 8: Dé tong hop acrylic acid nguoi ta xuét phat theo 2 phan tng sau:
(1) C+H,0t CO+H,

(2) HC=CH + CO + H,0 t Xt CH,~CH-COOH

Khach hang mudn dat mot tim nhua (100% 13 acrylic acid) c6 chiéu dai (L) 1m, chiéu rong (W) 1m
va do day T (0,005m). Mat d6 tAm nhuya 1a 1190 kg/m®. Cho biét mubn thiét ké tim nhwra nhu véy thi

can lugng bao nhiéu than? Biét than chira 92% carbon, hiéu suat mdi phan tng déu 1a 65%.

- Vtémnhua = 110,005 = 0,005 m3
= Mémnhga = 0,005 . 1190 = 5,95 kg = Macrylic acid
- Nacrylic acid = 0,083 kmol

- neo = 0,083/0,65 = 0,128 kmol



- nc=0,128/0,65= 0,197 kmol
- Mupan = 0,197.12/0,92 = 2,570 kg

Bai 9: Phenolphtalein 1a chi thi dé chuan do cac dung dich c6 tinh base. Chét chi thi nay chuyén
sang mau hong khi ndng d6 ion OH' trong dung dich > 10** M.

Véi nhitng dung dich c¢6 ndng d6 di 16n ta c6 thé bo qua su phan ly ctia nude nén ndng d6 ion OH-
c6 thé tinh gan dung theo cong thic sau: [OH]=+/C. K véi C 1a ndng d6 ban dau ciia dung dich
base va K 1a hang s phan ly cta dung dich do.

Pé thu duoc dung dich 100 mL dung dich NH3 ¢6 ndéng d6 C (M), hing sb K = 10*7* @& lam

phenolphtalein chuyén mau hong ngudi ta sé tong hop NH; theo phuong an sau:
(1) C+H,0! CO+H,
(2) N2+ 3H, ! 2NH;

Lay [OH] trong 100 mL dung dich NH; C (M) 1a 10"** (M) hay tinh luwong than (chira 88% carbon)
can thiét dé tong hop biét hidu suat phan tng 1 1 70%, phan tmg 2 13 40%.

- [OH]=VC.K = 10" M)=+C.107** - C=10"%

- NNH3 = 8,71.10_6 mol

71.10°°,
A % =3,27.10° mol
-5
- ne= 3,27.10 ~_ 4,67.10”° mol
0,7

- Muwm=637.10"g

Bai 10: Theo udc tinh thyc té, 1kg sodium formate (HCOONa) c6 thé lam tan 10kg bang. Tir phan
g khi than uét, ngudi ta thu khi CO rdi ¢ nhiét do 100 — 130°C, ap sudt 5 atm cho khi CO tac dung

dung dich sodium hydroxide néng chay dé thu duoc mudi sodium formate (hiéu suat 100%).

Néu mudn 1am tan 0,1kg bang thi can lwong CO va luong than 14 bao nhién ? Biét than chira 85%

carbon va hi¢u suat phan tng khi than uét 1a 70%.

C+H,0t° CO+H,



CO + NaOH — HCOONa

- Lam tan 0,1kg biang s& can 0,01kg HCOONa.
- Npcoona = 0,147 mol = nco

- mco=4,116¢g

- nc=0,21 mol

= Mgan = 2,965g

Bai 11: Dung dich thudc Betadine duoc tao thanh bai nudc cat, iodine va povidine. Betadine 10%
c6 tac dung sat trung. O xi nghiép san xuét hydrogen theo phwong phap khi than uét, ho chuan do
lwong CO sinh ra bang cach cho phan tng v6i L,Os nén d sinh ra L. Ho d3 mang luong L ndy cho

cac cong ty dugc lidu dé didu ché thudc Betadine.

Néu mudn diéu ché 100g dung dich Betadine 10% can bao nhiéu than (85% carbon) thi xi nghiép
nay méi giao du lugng iodine cho cong ty dugc lidu ? Biét ti 1¢ vé khéi luong iodine : povidine 13 1 :

9 va hiéu suat phan tmg khi than uét 1a 60%.

100g dung dich Betadine c6 90g nudc cat, 1g iondine, 9g povidine.

C+H,0t CO+H,

5C0 + 1,05t L +5C0;

- Nidine = 7,874.107 mol
- nco=0,03937 mol

- 1nc=0,06562 mol

- Mupan = 0,9264¢

Bai 12: Phosgene ngiy nay duoc img dung nhiéu trong cong nghiép nhung lai 1a mot chat rat nguy
hiém. Bang cach cho khi CO tac dung khi chlorine s& thu duoc phosgene COCl,. O thé chién I,
quan doi Ptrc dd dung phosgene lam vii khi. Néu di tir phan Gng khi than uét, quan Dtc néu c6
200kg than (72% carbon) thi c6 thé tao ra bao nhiéu khéi lugng vii khi nay ? Biét hi¢u suat phan

ung khi than w6t 1a 60%, phan Gng tao phosgene 1a 62%.
C+H0! CO+H,

CO + CL,— COCL,



- n¢ =12 kmol

- Nco= 7,2 kmol

- Nphosgene = 4,464 kmol
- Mphosgene = 441,936 kg

Bai 13: Urea (NH,),C=0 1a chit hitu co nhén tao dau tién ctia nhan loai. Dé tong hop urea co thé di

theo con dudng sau:

- Giai doan 1: Thyc hién phan ung khi than u6t (hi¢u Sut 70%) nham thu CO va H, véi 15 g
than (80% carbon).

- Giai doan 2: Mang CO di phan tng voi oxygen du dé thu CO, (hiéu suat 100%).

- Giai doan 3: Mang H, di phan ting N, du dé thu NH; (hiéu suat 40%).

- Giai doan 4: Cho CO, va NHj; vira thu dugc ¢ trén phan tmg voi nhau dé c6 urea (hiéu suat

70%).

Hay viét phan tng hoa hoc xay ra va tinh xem luong urea thu duoc 13 bao nhiéu?

C+H0! CO+H,
N, + 3H2tj ONH;
2C0 + 0, 2C0,

CO, + 2NH; £ (NH,),C=0 + H,0

- nc=1mol

- Nco=ny =0,7 mol

- Nco2 = 0,7 mol

- e = 0,187 mol
Nyrea = 0,06545 mol

- Myea = 3,927¢

Bai 14: Sau khi thyc hién phan tng khi than u6t, nha may thu dugc hdn hop san pham khi c6 CO va
H,. Bang mt sb phuong phap, ho tach riéng CO ra khoi hdn hop va cho né tac dung véi oxygen dé
thu duoc CO,.



Tiép theo ho cho 1an luot kim loai sodium va potassium tac dung khong khi khd & 180°C trong binh
thép dé thu dugc Na,0, va KO,.

Cudi cung ho khéng ché ti 1¢ s6 mol ctia Na,0, va KO, ¢ dung muc 1:2 va dua CO,, Na,0,, KO, v
tra thu duoc & trén vao binh 13n va tau ngdm dé khi st dung thi sinh ra khi oxygen, mudi carbonate

cua kim loai sodium va potassium.

Viét phuong trinh phan tmg va tinh toan luong oxygen c6 thé sinh ra tir cac binh néu co 12kg

carbon (hiéu suat phan tmg khi than w6t 13 60% con cac phan ing khac 1a 100%).
C+H,0! CO+H,

20 +0, " 2C0,

N3202 + 2K02 + 2C02 — N82CO3 + K2C03 + 202

- 1nc=1kmol
- Nco = ncoz = 0,6 kmol
- ne2= 0,6 kmol

Bai 15: Vi hiéu suét 65%, nguoi ta cho hoi nude qua 0,12g carbon néng dé thu duge khi CO va H
». CO 12 mot oxide c6 thé phan ing v6i sodium peroxide tao mudi carbonate (hiéu suit 100%). Hay

viét phan tmg hoa hoc va tinh toan lugng mudi sinh ra (cho rang sodium peroxide du).

C+H0! CO+H,

Nazoz +CO — Nazco3
- nC=0,01 mol
- nCO=6,5.10"° mol
- m=0,689¢g

Bai 16: San pham cuia phan tng khi than w6t 1 syngas chira phan 16n CO, H, va d6i khi ¢6 thé c6 ca
CH., CO..



Khi cho 1000 mL (dkc) khi gdbm CH,, CO, H, vao mdt binh kin dung 1,Os dugc d6t nong. Toan bo
san phém hoi cua phan ing dugc thu vao mot luong du dung méi hitu co dé tao nén dung dich c6

mau. Muén lam mat mau dung dich ndy can dung 17,84 mL dung dich Na,S,0; 0,1M

Xac dinh thanh phan % vé thé tich ciia khi CO cho biét trong céc san pham chi c6 I, phan tng véi
Na,S,0; sinh ra Nal va Na,S4Oe.

5CO+1,05 L, +5CO;

Iz + 2Na28203 — 2Nal + Nazs406

- MNco= 4-,46.10_3 mol
- Vco=0,111 L
- %Ve=11,1%

Bai 17: Mot phan tng khi than w6t hi¢u suat 80% dugc xuét phét tir 3,75g than (chtra 80% carbon)
thu dwoc san pham chi gdm CO va H,. Tac riéng CO ra khoi hdn hop cho di qua binh dyung sét dang
dun ndng thu dugc mot hop chét dé bay hoi chira 28,6% sat (vé khéi lugng) (hiéu suat 100%). Xac

dinh khéi luong hop chit da duogc sinh ra va viét cac phan tng hoa hoc.

C+H0! CO+H,
- nCO =0,2 mol
Fe +nCO ¢’ Fe(CO),
56
_ 0 e ] o
YomFe S6+281 8,6%
= n=35
= m=7,84g

Bai 18: Luong nhiét cua mot phan trng hoa hoc dugc xac dinh theo cong thirc:

AHpu’ = z (AHht) san phdm = z (AHht) chét ban diu



Phan ng khi than u6t sinh ra hdn hop khi gdm 40% CO, 50% H, (con lai 1a CO,). Tinh kha
ning téa nhiét (théng qua phan tng véi khi oxygen) (Idy hé s6 can bang ctia CO va H2 14 1) cua
1000L khi than uét & dke. Biét cac thong s6 vé AHy, (kJ/mol) nhu sau:

CO, 0, CO H, H,0
AHn -393,34 0 210,44 0 2416
CO +0,50, ¢ CO, (1)

= AHpe1=-282,9 kJ/mol

H, + 0,50, H,0(2)

-

= AHpw2=-241,6 kJ/mol

- Nhiét dét chay 400L CO = —292:9-490 _ 4564 7415
24,79
- Nhiét dbt chay 500L H, = _2%67'9500 = -4872,93 kJ

- Nhiét dbt chat can tim = -4564,74 + -4872,93 = -9437,67 kJ

Bai 19: Liy 37,5g than (chira 80% carbon) thuc hién phan Gng khi than uét (hiéu suat 60%) thu
duoc khi CO va H,. Cho toan bo lwong H, phan Gmg véi nitrogen du trong diéu kién thich hop
(hiéu suat 40%) roi tach riéng san pham NH; méi sinh ra. O diéu kién phu hop, lugng NH; nay
phan tmg véi kim loai sodium tao nén hop chét ion chira 59% sodium (vé khdi lwong). Tinh kh6i

luong cta hop chét ion da sinh ra (biét phan tir khéi < 40) va viét phan Gmg hoa hoc.

C+H0! CO+H,

N, + 3H2tf 2NH;

- nc=2,5mol
- nmp=1,5mol
- nngs = 0,6 mol

- Goi phan tir khdi hop chét can tim 13 x (g/mol) < 40 nén chi ¢6 1 nguyén tir Na



= x=23/0,59 =30 (g/mol)
= Hop chét 1a NaNH,

Bai 20: Trong cong nghiép khi hydrogen duogc diéu ché nhu sau:

¢ Cho hoi nuéc di qua than nung néng, thu dugc hon hop khi CO va H, (khi than uét):
C(r) + HoO(k) = CO(K) + Ha(k) AHy, = 130 kJ (1)

Tron khi than u6t voi hoi nudc, cho di qua Fe203:
CO(k) + H,O(k) = COy(k) + Ha(k) AH,e = -42 KJ (2)
« Nguyén ly Le Chatelier phat biéu ring:
“Khi bat ky hé théng ndo ¢ trang thdi cdn bang trong mot thoi gian dai bi thay déi nong
do, nhiét @, thé tich, hodc ap sudt, thi hé thé'ng s€ tir diéu chinh phd‘n ndao dé ch(fng lai
nhitng hiéu iing ciia sw thay doi va mét trang thdi can bang méi dweoe thiét ldp.”
e Biét AH,, > 0 1 phan tng thu nhiét va AH,, < 0 14 phan tng téa nhiét.
1) Van dung nguyén 1y Le Chatelier hiy cho biét can tac dong yéu t6 nao dé can bang
(1), (2) chuyén dich theo chiéu thuan.
2) Néu tang ap suat can bang (1), (2) s& chuyén dich theo chiéu nao. Giai thich
o Dé can bang (1) chuyén dich theo chiéu thuan c6 thé:
- Giam ap suat hé
- Tang nhi¢t dd hé¢
- Thém nudc va carbon vao hé

Dé can bang (2) chuyén dich theo chiéu thudn co thé:

- Giam nhiét do hé

- Thém khi CO hodc hoi nuéc vao hé
e Ting ap suat thi (1) chuyén dich theo chiéu nghich dé giam &p suat.
o Ting ap suat thi (2) khong bi anh huong.



