[image: image20.png]10 - 7R
- JRFE UK
05 - LR
0.26 -+ AR
0 Il J
0

Il
10 20 30 40 50 60 70
t (min)




[image: image2.png]()

ok

WK R co, WRIERFEFTET |
22 70 SEARYIAF W) 2 N K W A A
LR H A TSI, JLAT AR A BEAE
e ERRAG S B RG AR BRI S
AR BT R B A e R Al 1 e % 1)
BT EEE R GRED AR SEA
ORI ) S 8 BIRFEHE, HH
KR A A TR IR M, SUAT €Oy PR R
A e, CO,RIRIEIR R4 B,
HEKHE S 400 ki/a, HETEEEATIESR, W 54
Pe BRI, 2015 412 L PR E
SRBREIRARA R (R F 8 B '
(1520 ki/a JRAYEE, AR YR SR Bl A7
AT RIPRAL, A 7 J5 % U A IR bR R
[FITR FE ARG B JR 7™ i (1) 52 4 A R AR <

ARFEE, RE TR P TR S %%
kB0 bR 2 R R R R A R o,
PRI 8 £ 15 CO, MR R H A H Y
TR TR R R CO, F bR R
TR PRAL R AE 5 P B, BRI R .

1 CO, FURL R4 H T 2R i A

WOREE D R e R R R R R E

[ FL) 20190125 [k £ 0] 2019-02-02
[P i ] 95300 (1982—) 2 95 730K A W1k R T
RN A B AL T BRI

#4110 C, JE16.0 ~17.5 MPa) if A 5 J 1 4
VBB R A AR Sk B P A O
G g RS CELE 120 ~135 C, NH, & &
63% .\ CO, 5 23%) ik NG IR 6 4 9 T
oo A R B IR TR B R 420 €O, T
2 CO, E4RHUIN TG GRE 100 ~125 T KA
14.4 MPa, CO, & 96% UL |\ 0, % hk 0.8%)
HEA COp FHREE (R FRIIRED) IR, B Fifi
R FCBRBE A Y ETE 5 AR SRR
LI R O R e TR AR VR (1 S
IR R R 36 BB ) NH, L CO, 7R
Hidke, BEFHR CO, —R MBS GLRUR
184 C, NH, %8 29.2% . CO, & Bt 58% .
HyO &8 2.4%) kN IR B v R 2% T .
N i VP v B 25 U 1) 2 B R, 7 R
e B T N RN A OIS U T R
e ORI PP 6D G Hh 01 2 ) 7 A R %
Vo T R R ARV ) () A ) T
B, MRS LR 80% KA, W EEIAIEL (163 ~
170 °C) Az o 1 P BV R AR TSI, HEA
SRFEA RIS (R AR .

TEE RIS, PIRHE R LA, B G R
BEPUIRHE RS, T I K AR R #
NH, fil CO, e85 287 A Rl 25 W e 5 I
PR R R T, BT R
HEJ 183 C, IR T HE N PR .
IRt RIS Sel STt Rl PN SN
HCO, JG AR PR B R S (R





[image: image3.png].36

.

ERE )

R G S8% . NH, F i 6.7% . CO, F A
8.5% , JAJE 165 ~170 ), L4 B il 4
10 6 I 326 28 A R e VR G I T 1) 2
HE e 2.5 MPa 2.

O WA R R UM (NH 5 k 68%
COy FHE21%) IS TUG] , JEA i Bt 8
SR FH i PP 2 326 ofe 1) P 00 7 IS 4 % A
ATBRIR N PR R T R AL 5 9 NH
B 28.5% \ CO, i 34.5% , ik OR B
HALS J9 NH, 58k 37% . CO, 7 k 39% . H,0
T 24% 20 i R G 2 0 N R v
R R 3o R A A 1) 4 D R R K B
g i 2 DR TR RO (R el R BRI
BT, WS 2N D9 0.35 MPa i %
PRI UCHS 3k — 2 7 BAMR i

2 i CO, BeAl 3 (Y i B A

CO, Fefb 3 JE A5 §6 4L BUR # 1) CO, 53N
[ BEIR st B R 5 A B
2 RO FR 2 A AL
RIRHE, RRBPEHG 05RO SRR, A

AT R IR RN ., CO, VIR
B oy WX= oy = niconnd Moy
i 1 mol ) CO, 58 A2 ¥4 4L &2 2B 1 mol 1 JR %5
A nicopt = Niopa + Mgz = R W X =
[ = micopad Moy = Dnos = nand 7
[ copa +nwor =nan b B gy =0, HiL X =
negr! cops +nwpale

TR A7 e COy 3 438 43 B R 0 A i 5z ik
R R E A R o= m/M, AT X =
[neopr = micopad Imiegr = nioa! ey +
[ /My 3 1 Dmgeops /M oy +
(cop =44 g/mol I My, =60
B RAKXFAA: X =
x 100%

npal =
ma My 1 H
glmol fLA, W €
0.733/ [mgoy Im g, +0.733]
[ +1.364m ] x100% o
bk 2o ST 2 BT H R it Co,
FEAL TR bR i F R U R M R SRR IE AT,
CO, Hefb % 32 Bk o & OB i BHE) NHL /€O,
Hy0/CO, s iy, FRATHT LU bk 22 50 2 5t
VKSR PRI RCLL, DU CO, Bk .

=m,,/





[image: image4.png]HEPLE R, REAEREZ MR, BTRL, RE Tk
EA T RS B SO O bR
Hi CO, Fefbde . 72 FE MR B MR AR T
Hin CO, #efb A, B Rl R # A AL
WRAEG S5 R AN i U B S RE T L W 42 FIH
o BRRAE T A, AT 4 T B 2 2

3 CO, Fefb sk S

HEARIREN 2 BRI 2NH, + €O, =—
NH,COONH,, NH,COONH, == CO (NH,), +
H,0] o, NH, I CO, R4 bl R ) % 1 OF A
HiF, BDAE LR R R AR R, E U
TEMUAT 2 A R A BESK 2 R 3 1M B (4

#9156 C, Jg b BB I, BRE (& M
FEPII0) i I L P R 3

PLAE, BRE 8 3 CO, B (b3 i #5032
R, B NBURF AR T, BRI 2
Yo CO, ML, RS RNT.

PR F AR R 7 R 2NH, + €O,
——CO (NH), + H,0, % CO, ik (1)
i, et R E (U MR M
A nps COy BRI RA 0y, RIS

4 CO, Fe Al 0 IR 3 AR AL

4.1 FEEEn B

F i b Ay R AT LA, R B
PR BRI 4 (LA Ny CO, I 6 (1 43 T
A BT S, N R I T A R
A BT SRS TS MY e R
PR BRSSP, IR R ARG
KU A T AR T (), R B
RN TR 43 2 7 DRAIE A LI 552 I T £ i
B A R T R R
A B B K A R A TR ) SR A
e KB i — s AR A B
AR BRI AR A . G4, BT EAE
VS A AT R MR R A U BB
T8V RLBE AR, JURUHA R TET CO, $efl .
4.2 HERBEEEIE (Gf)

A R B R B IS — AL, CO, B4
FRBER A HRE (BT AR, R VI BRI
SR BT BRI AT IR TR,
IR E TR P R AR O, B B R
SRIRA B W, AT AT > AT R R





[image: image5.png]ERE )

I CO, AL IR R LS CO, $ALR M I

.37

PIRHE A SN AR N 2.8 my K EEL 32 m,
BN 200 m', BN BT 12 P, A
PRI A 8.8 1 (m - d)
4.3 KR E

SRR A 2 R i K Bk L T A
WE, BT AR HRIE TR, KR
W01, CO, ¥ & TR 1.5% ~2.0% . Wl
Sk M3 o R K B PG R R 7 €O, B Ml
SMERGMFER M. P F B COy FIRILIR %
B Z KW — 7 0.52 ~ 0.58, STk
LML 32 AT LI A LU R BE AR E CO, B AL
o SURET it 2 0K i 858 7 50K .
4.4 EBIL R

Fig b 2 mol ) NH, 1 mol ) CO, 21
1 omol FiH, Hin A BRI R, W R
COy WAL, IR S LI 5 s N JE A Ak 11
NH, i fig 45 % %5 b K 22 B NH, OH {38 )2 7
SV A R T R RS A BRI P R
(R ke SR BT, & H AN 0.1, CO,
BEALFE IR 0.5% ~1.0% . {H R it
GibpfE R ST, BENEREZ 0N, SR
BHE R P B0 B O T A PR RS di R S R

KA B R AR R IE I 5 % O W o BT
O R R B0 D R FE .
4.6 J5URHAl HE A £

SR AR R SRR B 2 ———ilE
FE=99.5% . F K <0.4% . Fih <10 x
107°, A A R A I VR AR L
SR SRR bR B A R AR IS0 I ) B R A
TIEEL COy 70 Bk A R A LA B
A 3 ik 7R EURE Oy PTR AN —
SEBIIE 25 EATR AN UL o, A
ZTH, NI 2 S RRYE CO, e fbF PR,
PEF B R AE COy 4R ML= B 11390 3 B 0
15 G S AR AT R CO, AURY S RS, )43
INEUHT CO, 462 = 98.5% « WL CO, 4ifE AR
5T 95% « 7 FUEAE 0.70% ~0.90% .
4.7 FRAFE ORI RS

SRR AL AR AT Co, 1 LS
TSN R I RS R AT — 5 R i
BRI KX PR BLECR B AT
M COy B BRIRAGMAE. M REN
RIZRE R CO, W R %K 3% A K
RYE, MNZEFR K b B PR 3K B8R &

[¢





[image: image6.png]AR, T 53 CO, # 4k 3R BRI K [ 4 R
Gifmn. SRR h, COy RIRTEIRH A E
ZEB A RTE 3. 5. BRBEE B CO, iRk
RFHE 2 WL — I 3.1 ~3.2, fE L
T A, CO, FeAb IR R, ik 60% LA .
4.5 BRALGIES SRR

NH, 5 €O, Jz B2 ol PP 6 A B 4/ 11 2
B, R AR T R A, T B
€O, ¥k R el ok Ak, B4
bRk B RS, AR BE ) R
iy COy FeAL FWOR ST R RT, B B 1
A O W S A R ORI A%
Ao WHEE CO IR REGM ALK
e lE 13.5 ~14.5 MPa.

R T AR S SR R PR 7 2 N
G, PTG R R R AL IR
RNy N R SR SN SR iR P 1 T
A, AR FE o RGLREFERIIN .
Blle PR COp WMIRIEIR K RE AR AL R
A AEILE 180 ~185 C .

SERR A e R R ok

KRR COy I R GR (] SR 3% 2 8 16 36 F
P BUE IR 3 4 AL S AT MR CO, B
L. Bz, JFAFEIC. RTROKAE R G K
FLEHI G ARG AR RE SR R AT
VRO H TR DL U K, R B
RTIE A 7K 2 5 [ v R 1 Vo B, LN
[N NH, A1 CO, I 0] 2 M i 5] R 3R B -

5 4 i

Ed

5 LRTA, R O, RIRIEIR R EZ Co,
FAL R 1 6 T B A LR LT -

() i SRRl B P H Pl R 1 (G AR
LRGN ERL CO, “UHBERE, R CO, TR
o N SETE U ORI UR AR S 5 R
ot S A0 A ) S (R T R i
RGO T 0 i, S8 CO, B FRAE.

(20 880 0 S 1520 ) O ) 2R R
AL A AR, R SRR R
PBHEL 53 56 A T o WHE O B P 447 B I i)
L o i 2 4 3 2 R A P R
AR PIRHR G I S 3950, AT RS B





[image: image7.png][EZE SN

(3) FEAF R AR RGN R AE KA.
L i O O T 2R b L B ORI A
BT AR bR, ST R RR . D R 4
LS, R B A R SN CO, B E . [
PR COy FRTEIR M, &0 1R %
FENIE I 13,5 ~14.5 MPa. R 183 C. &K
HE3. 24 JKBELE 0.53; AR o4 e 2% 25 000 11 2%
VO AR P A ) B AT 3R,
JIFEHIE 0.4 MPa Ji A7, FLBH 5 55 600 1) 39 2%
—— RG AT, RN RS, FRL R

JUEAR R 2 ) SR e

B2, CO, Fe Al A ELE A IR A R
PR P A 5 R A Ml R TS B R AR
AR . REEAL A A B U R A A
AFLERY, W AURR R B B SEBR B, WER de
T ZARIEAR bR, 1 T 2R R 4R bR il 7638 50 1)
XI)e 534k, #an BeAL R — ARG TR,
B AT R B BT e IR
A, IF B AL BRAE B E AT e TR, MR
ERIZ AT KT IR B R, A e R R AR
RYiMH CO, HelbF .





练习题：
制氮肥。尿素[CO(NH2)2] 是首个由无机物合成的有机化合物，通常用作植物的氮肥。合成尿素的主要反应如下：
i. 2NH3(l) + CO2(g)[image: image8.jpg]
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(l)（氨基甲酸铵）  △H＝－a kJ/mol

ii. 
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(l) + H2O(l)          △H＝+b kJ/mol

iii. 2
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（缩二脲）+NH3   （副反应，程度较小）
（1）CO2和NH3合成尿素的热化学方程式为                               。
（2）工业上提高氨碳比（
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），可以提高尿素的产率，结合反应i～iii，解释尿素产率提高的原因                           。
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（3）科研小组模拟工业合成尿素，一定条件下，在0.5L的密闭容器中投入4molNH3和1molCO2，测得反应中各组分的物质的量随时间变化如下图所示：
①反应进行到10min时，用CO2表示反应i的速率υ(CO2)＝        。
②合成总反应的快慢由慢的一步决定，则合成尿素的总反应的快慢由第    步反应决定（填“i”或“ii”）。
答案：
（1）2NH3(l) +CO2(g)
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（2）提高氨碳比（
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）有利于反应i、ii正向移动，促进甲基甲酸铵分解生成尿素，有利于反应ⅲ逆向移动，抑制副反应ⅲ的发生，从而提高尿素产率
（3）① 0.148 mol/(L·min) 
② ii
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