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LOI NOI DAU

Tai liéu “Céng nghé cac hdp chdt vé co ctia nito”, néi dung chi yéu
trinh bay: Cong nghé tong hop amoniac — mét hop chat co bdn cuat nitd,
nguyén liéu quan trong nhai cho san xudt phan bon hod hoc vdi nguyén té
dinh dudng la nito va phan sau dé trinh bay cing nghé ché tao cde loai
phdn nito.

M4 rong ra, ching toi trinh bay thém cdc cong nghé thuong gin lién vdi
amoniac, phin nitd nhu axit nitric, metanol,

Vé tén goi tai liéu, da c6 mét thoi ky dai ding cum ti “Cé dinh azot” va
theo thoi quen thudng dang ti “Dam”, “Cé dink Dam”, “Phan Pam”.

Theo thugt ngit Hod hoc tam thoi cua Ban Bién tap Hod hoc (thuéc
Trung tém Bién soan “Tir dién Bdch khoa Ha Not”) ching téi ding ti nitg
va tén tai liéu nhu trén, song chiéu cd dén théi quen, c¢é ghi chii thém ti
“Bgm”-

Tai liéu bién sogn trén co s¢ gido trinh chuyén nganh “Céng nghé hod
hoc cdc hop chdt vé ¢d” cua Truong Pai hoc Bdch khoa Ha Néi.

Déi tuong st dung la cde sinh vién ndm cudi thuée chuyén nganh tai
cde truong Pai hoc va Cao dang. Cé thé ding lam tai lisu tham khdo cho
cde cdn bo ky thudt, khoa hoe, qudn ly trong link vic lién quan.

Rét mong nhan dude nhitng y kién déng gop dé c6 thé sita chita vao cde
dip tai ban sau.

Cac tac gia



MG DAU

Hop chit vd co cha nito rdt da dang, quan trong nhét 12 axit nitric - mét loal axit trong
danh mue cac loat hda chit co ban va phan bén héa hgc gdc nito, ta quen goi 14 “phan dam™.

Axit nitric (HNO;) 12 mot san phidm trung gian trong qué trinh ché tao mot s& loai
phan dam, déng thoi ciing 1a mot héa chat co ban, dung 1am nguyen liéu trong qud trinh sin
xuflt mot loat héa pham khéc.

Phédn dam cung cdp nito cho cay tréng;: nito la mdt trong ba nguyén t& dinh dudng chu
yéu cho cay tréng N, P, K, bén canh 3 nguyén t8 quan trong khic cay trdng 1ay tir thién
nhién C, H, O.

Sau nguyén 18 nay thudc loai cay tréng cdn véi mot luong 16n nguyén 8 dinh dudng
chu yéu, da luvong.

Bén canh con nhitng nguyén t6 dinh dudng loai thir cdp - ding vdi lugng it hon: Ca,
Mg, S va nhitng nguyén 6 vi lugng cin cho cay trdng nhu: B, Cl, Cu, Fe, Mn, Mo, Zn... tuy
nhu cdu cha cay udng va ching loai dat tréng, b6 sung du6i dang phan bén héa hoc.

Tong hop NH; 12 co s& clia cong nghiép dam. NH; vira 13 san pham trung gian trong
quad trinh ché tao cc hop chit vo co ciia dam vira 1a sdn phdm cuéi clng.

Cong nghé tdng hop NH; duge dua vao sit dung trong quy mé cong nghiép méi duoc
chimg mot thé ky. Song do nhu cdu I6n nén vé co cAu nguyén liéu, vé day chuyén va thiét bj,
vé quy trinh quy pham, vé hé théng diéu khién diéu chinh qua trinh san xuat v.v... déu da c6
nhimg thay déi to lén.

V& nguyen liéu: qua trinh tdng hgp NH; dung nguyén li¢u chinh 1a khi nito va hydro.

Nguén gdc nito duy nhat va vo tan la khong khi.

Nguén hydro chit yéu dua vao hot nude H,O, va cédc loai hop chit cha cacbua hydro;
phé lién két cia H,0, cia C H,, tdch ra hydro. Gid thanh H, chi®m 70% gid thanh cia NH,.

Trude day khoang nifa th€ ky, nguyén liéu chil yéu la than cdc loai va than cok. Ding
than & nhiét d6 cao, phé lién k€t cia H trong hoi nudc.

Khodng gin cuéi the ky trude, theo véi su phét trién clla céng nghiép khai thdc, ché
bién khi thién nhién va ddu md ngudi ta chuyén sang sir dung c4c loai nguyén liéu ndy - phd
lien két hydro trong cacbua hydro dé hon so véi trong H,O; dau tu thap, tiéu hao nang lugng
thap, nhat la loai cacbua hydro phi diém thap.

Nhirng s& liéu sau day minh chimg cho xu thé d6 (tuy chi ¢é gid tri tham khao).



Nguén nhién liéu (nguyan liéu)

Khi thién nhién | Naphta | Ddu nng | Than
PAu (u ca ban (1dy khi thién nhién lam chudn dé so sanh) 1,00 1,15 1,60 2
Téng nguyén lidu tiéu hao {Geal/tdn NH,) * hée 1500 tiningay 7.0 7.6 85 3.8

Gin day do gi4 khi thién nhién, ddu tang cao; trif lugng ddu mo lai han hep trong khi
lugng khai thic va str dung lai qua 16n, ngay cang tang; trit lwong than lai lén cho nén nhiéu
nudc lai quan tdm quay trd lai véi than, vdi ddu nang.

S6 lieu théng ké v& co cu nhién liéu trong san xuit NH; cla thé€ gidi trong 30 nim
qua c6 thdy diéu d6 (¢ day dungtir nhién liéu - déng nghia vdi nguyén liéu chinh)

Loai phign figu Ca ¢au nhien ligu, %

Nam 1971 1975 1980 1985 1990 2000
Khi thign nhign 60 62 7.5 71 62,5 68
Naphta 20 19 15,0 13 8,5 6,5
D&u FO 45 5 7 8,5 10 12
Than 9 9 5.5 6,5 7.5 10,5
Nhién ligu khac 6,5 5 1 1 45 3

Tuy vay 50% co s& di tir than 3 cia Trung Qudc, phin nita 1a & An Do. Song ciling con
tuy tinh trang nguyén liéu cla cac nudc dé xac dinh hudng di cho cong nghiép dam.

Duéi day dé cap dén cac phuong huéng san xuat nguyén liéu cho téng hop NH.: khi
N, va khi H,.

1. Cdng ngh@ ché tao khi N,

Cong nghé 1am lanh siu, phan ly khong khi 1dy N,. San phim song hanh véi nito la oxy.,
ngoai ra cdn c6 thé 1dy cdc khi tro: Ar, Kr, Xe, Ne; hozc 14y ca heli.

2. Cac cdng nghé ché tao hon hdp khi nits va hydro

Ngoai phuong 4n che€ tao riéng ré nito va hydro, sau dé hén hop thanh he H, va N, véi
ty 1¢ xdc dinh, phuyong an thuong dung 1a cong nghé khi héa than, diing hén hgp hoi nudce
véi khong khi hodc khong khi giau oxy phan ting véi than & nhiét do cao.

3. Cac cong ngh& ché tao hydro

1- Cong nghé dién phan nude - danh riéng cho nhimg nudc dién nang gid ré.

2- Nhilng c6ng nghé di tir than (than niu, than d4, than cok) goi la céng nghé khi héa
than; dung hoi nude, hodc hdn hap hoi nude véi oxy phan tng v6i than & nhiét 46 cao.



3- Nhitng cong nghé di tir nguén khi thién nhién, hoic nhimg khi thai giau metan.
Hoac ding hoi nude; hodc ding oxy, oxy hoa khong hoan toan trong sy ¢é mat cia xic téc
(hoac khong xiic tic - dudi tdc dung cia nhiét) chuyén metan thanh H, vd CO va sau do tir
CO san xudt tié€p hydro.

4- Nhimg cong nghé dung bign phdp lam lanh sau tich hydro khoi hén hop khi giau
hydro nhu: khi néc 10 cok; khi that trong qua trinh chung ddu mo, qua trinh sdn xult etyler,
qud trinh dién phan dung dich mudi ché tao NaOH.

5- Nhitng cong nghé di tir cdc san xuat cdc san phim didv mo; cdc loai cé phi diém
thap nhu khi héa long (LPG) véi thanh phin chinh 12 butan, propan; phi diém cao hon nhu
naphta (trong mién 40 + 130°C, v&i phan tir luong binh quan 88 va ty I¢ nguyénte H: C =
2,23 - wong duong 84,4% va 15,7% hydro); cao hon nita nhu ddu niang c6 phi diém cao hon
naphta phu ddu nhién liéu FO, ddu diezel, ddu can...

Tuy tinh hinh dic diém cia nhién liéu, hodc dung phuong 4n khi héa nhién liéu long
réi focming xtc tic trén H,O, hodc oxy héa Khong hoan todn hoiac ¢é mat hoac khong cé
mat Xiic tdc nhu déi véi cong nghe di tir khi.

Nhing cong nghé di tif than, ciing nhém vdi cdc cong nghé ché bién khic tir than: cok
héa than; t8ng hop nhién liéu va cdc hgp chat hitu ¢d co ban dang khi hoac ong tir than bing
phuong phéap gidn tiép hoac truc ti€p hydro héa than, dugc x€p chung vao mot nhém nganh
I6n “hoéa hoc than™.

Nhitng cong nghé tuong tu dGi véi ddu mo, khi thién nhién, x&p vao nhém nganh “hoéa
hoc ddu mé va khi thién nhign”.

Tai liéu nay dé cap dén nhig cong nghé dugce diung rong rdi nhit trong céng nghiép
“dam”.

Co thé thay: Dé ché tao phan “dam”, nguén “dam” vin 14 nito trong khong khi - mot
nguyeén 16 “tro”, & dang “tr do”. Bing cong nghé thich hgp chuyén nito & dang tvr do sang
dang hop chit, dang nito ¢6 dinh trong mot lién két héa hoc. Bai vay thuong got day la cong
nghé ¢ dinh nitg, nhét 1a trong cdc tai liéu cil.

Tai litu dugc bién soan nhu mot gido trinh mon hoc ky thuat céng nghiép danh cho
cdc hoc vién bac dai hoc thugc nganh “ky thuat héa hoc™, v cling c6 thé diing 1am tai liéu
tham khao cho cdc cdn bd k§ thuat trong nganh. Ciing do v3y ndi dung trinh bay dat ning &
phan nhitng nguyén 1y héa 1y ca ban ciia cong nghé: nhe hon & phidn nhitng van dé cu thé
cua san xudt nhu cau tric day chuyén, thi€t b, nhimg khéng ché k¥ thuit cu thé.



Chuong 1
CONG NGHE KHi HOA THAN

1. MOT SO VAN bE CHUNG

1. Phan loai cong nghé

Khi héa than 1a qué trinh ding oxy (hodc khong khi, hodc khong khi giau oxy, hoic
oxy thudn, hoi nuée hoic hydro, n6i chung goi 1a chat khi hda, phan ng v6i than & nhiét do
cao chuyén nhién liéu tir dang rin sang dang nhién lieu khi; nhién lieu nay dugc goi chung
la khi than v&i thanh phdn chdy duge cht y&u 1a CO, H,, CH,... ding 1am nhién liéu khi dan
dung, trong cong nghiép. Trong tai lidu nay, cht y&u dé cap dén linh vyc st dung lam
nguyén lidu cho tong hop NHs, t6ng hgp CH40H...

C6 thé 16m 11 so d6 clia cdc qud trinh khi héa than duge st dung phd bién hién nay
nhu sau:

a. Khi hod than u6t lién tuc ty cung ¢dp nhiét, san phdm chinh ia H,, CO

than

l

800 + 1800°C .
1+40at khi than Co, H;
h(ﬂ Hzo l CH‘, c02...

4

xi

b. Khi hod than uét cung cap nhién liéu tir ngoai

than
—_— |~ khithan
hai H;0 thanh phdn chinh: H,,
l T CO, CH, 15n CO,...
X nhiét



¢. Khi héa than dm tu cung nhiét (n€u bé sung oxy), cung nhiét tir ngoai (néu khong
bo sung oxy)

than
hodc b suny oxy l
k__*-hOng hi 800 + 1000°C ;
_ ! 1:20at khi than
hai H,0 CO, Hy, Ny,
l CH,, CO;...
xi
d. Hydro héa than tao nhién ligu CH,4
than
o| 800+1000°C |, yhithan
hydro 20+ 40at CH, + Hy...
X nhiét

e. Day chuyén ché tac khi thay thé khi thién nhién két hgp khi hoa than bang hoi nudc
b6 sung oxy véi hydro hda. Hodc ciing ¢6 thé tdch khau hydro héa than khdi day chuyén bang
cich khi héa trén chat khi héa 12 hoi nudc véi oxy, sau d6 chuyén héa trén xiic tic tao CH,

than
l' xr ly khi
: . :
the pham__| | 800:1000°C | [ co,
khi thien nhign | 10+ 100 at T
H, )
OXy — 800 =+ 1800°C H,, CQ, CO,...
hai nuéc — 1+40at

'

xi
Trong pham vi ché& tao khi than cho téng hgp héa hoc - chii yéu diing day chuyén (a)
hogc (b), ché tao khi CO, H, sau dé chuyén thanh H, trong phan img chuyén héa. Ta dugc
khi than gém H, (khi than w6t); hodc day chuyén (c), ché tao khi than 4m véi hén hop khi
H, va N,. (khi than 4m) - cung c4p nguyeén liu cho t6ng hop NHj; hoic ding dé ché tao
hdn hop khi véi ty 18 CO/H,O xac dinh. Phuc vu cho téng hap metanol.



Tuy chét khi hda, qud trinh khi héa, ta ¢6 thé thu duge nhitng hdn hop khi, thanh phan
chu yéu la CO, CO,, Hy, N, véi nhiét tri khdc nhau. Vi du khi nhién liéu ¢é nhiét tri khodng:
9.6 + 6,7 MJ/m"; cho tdng hop: 5 + 6 MJ/m®; lam nhién liéu cho luyen kim: 8,4 = 12,6
MJ/m*, khi metan tdng hop: 25 + 38 MJ/m"... (con goi 1a khi thién nhién tdng hap).

Ditng vé thanh phéan khi san pham, thuémg c6 céc loai sau:

- Khi nguyén liéu cho tong hop NH, Hy N,=3:1
v&1 thanh phan: CO + CO, < 10 ppm
CH, < 0,5% thé tich
- Khi nguyén liéu cho tong hgp metanol: H, : CO=2
(Hy - CO4} : ({CO +CO,) =2
- Khi nguyén liéu cho tdng hop hda hoce: H,: CO=1
- Khi nguyén lié¢u hydro cho hydro hoa: H, =95+ 98%

CO + CO,; < 200 ppm
N, + CHy =2 + 5%
- Nhién liéu dang khi cho luyén kim: Hy; + CO=95+98%; H, : CO=135
CO, + H,0 < 3%
(H,0 + C0O,}100/(H, + CO + CO, + H;0)=5+ 10

- Khi nguyén liéu cho téng hop metan: (H; + CO,) /(CO+ CO,) =3

- Khi nguyeén liéu cho t6ng hgp cacbua hydro:  H, /CO =0,5+2

Tuy thanh phén chat khi héa, ¢é cdc loai: chét khi hda 1a H,0 hoac H,O 6 bo sung
oxy, ¢O khi than udt; chit khi hda 1a H,O va khong khi (hoac khong khi ¢6 b6 sung nito), ta
¢é khi than am; hodc chi cé khong khi, ta duge khi than khé: hoac chi ¢é hydro ta duge khi
thay thé khi thién nhién - loai khi thién nhién téng hop.

P61 v6i mot day chuyén khi héa ngudi ta quan tam dén hiéu suat khi héa, cho di ding
lam nhién liéu hay khi téng hop.

Higu suat khi héa duoc diac trung bing lugng nhiét thu duge khi dot chdy hoan toan
thé khi thu duoc, so v6i luong nhiét toa ra khi dét toan bo nhien ligu ran ding dé€ san xudt ra
lugng khi d6.

Vi du ding 1 don vi khéi lugng than ¢é nhiét tri 12 Q. thu duge mot thé tich khi than
v.Q,

v

la V, nhiét trj clia khi la Q, (con goi la nhiét the cia khi), hieu suat khi héa n, =

(V thudmg tinh theo khi kho).

Ciing con mot cich tinh khac: hiéu sudt nhiét, bing téng nhiét trong khi mang ra so
vdi téng nhiét mang vao. Vi du:
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_V.Qg + Qs +(Qg +Q7 + QK
2 Q. +Q; +Q,+Q; +Qy

Q, . Q>, Q3. Qq - phdn nhiét 1y do than, hai nudc. khong khi mang vao 15 khi hoa va
nhimg ngudn khic;

Qs . Q4 . Q7. Q- phin nhiét ham cua ddu cok thu duge & dinh 16 sau ngung tu, nhiét ly
coa khi than khé, phdn hoi nuGce, phan cdc dau cok trong khi than - chua ngung tu hét;
K - hé s& thu héi nhiét qua hé thong giam nhiét do (vi du: tr ndi hoi nhiét thira), so
véi tong nhiét mang ra.
2. Nhirng théng sé dic trung cho than, sir dung trong céng nghé khi
héa than
Thuting quan tam dén cdc thong s chl yéu sau:
a. Thanh phan than: Trong than thuomg gém cdc nguyeén 16, sip x€p theo trat w sau:
- Thanh phan hitu co trong than (k¥ hiéu: O): gém cdc nguyén o C, H, O, N va luu
huynh hitu co - tinh theo % khdi luong gdc hiru co.
- Thanh phin chdy trong than (ky hiéu: C): gdm cdc nguyén 16 ké trén vd S & dang
sunfua kim loai - tinh theo % khéi lugng gée chay.
- Thanh phan khé (k¥ hiéu: k): gém cdc nguyén 16 ké trén cong vdi xi: A - tinh theo %
khoi luong géc kho.
- Thanh phin am hay thanh phin lam viéc (ky hiéu: 1): bao gom thanh phian Kho, cong
véi him am trong than, W - tinh theo % khdi lugng géc udt, hay day chinh la thinh phan
than dua vao khi héa.

MG&i quan hé chuyén déi nhu sau:

Thanh phan He s3 chuyén d6i
L K ¢ 0
TP lam viee (1) 1 100 r 100 | 10? |
100 — W 100 -W' ~ A 100-8" - A
! 1
TP kho (k) 100 - W ] 100 gi) k
100 100 ~ A 100 - 8" - A
! ) k
TP chay (¢) 100-W - A 100—A 1 100 !
100 100 100-§
TP hau o (o) 100-8' —w! ~ A 100 - §* — A" 100 - 8° ;
100 100 100

b. Nhiét tri cua than: Chi lugng nhiét toa ra khi d6t chdy hoan toan mot don vi khdi
lugng than. Tinh theo cong thic cla Mendeleev:






