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Figure 1 The reaction process for the synthesis of ADN from the de-
hydration of adipic acid and ammonia
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Figure 3 The first stage of hydrocyanation reaction
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Figure 5 The second stage of hydrocyanation reaction from 4PN to
ADN and MGN

NiLa4k 28 2 06 R 5 ),

BB, T 1 0 RO 2 IR |
BHRAAR, A AT AT R, B T
R A BA R, — E e e RS A
WRER A RAE . B ELEA I A EOR.

14 M= 2R

ZE LRIk, 3R C RGP T AR SRR 5 X
F L3621,

O IR 7 TR B Bk, HXT 4
bR E SR BAG. A== e e 66T 1Y 5 — Mk 0 —
iR, O —WAr= T AMx e, RIZ T8
AR RIS A AN Y O R AR A, — T
TGN T ERAE R RIGPE, 55— 7 Al LAAE — e R
R AR, O I RRIE T B R B R N IR, TG
HIRAAH, AWK BEAE300°C DL b, 76 & 4%

Fz2 IMEZRBASRIEHNL

Table 2 Comparison of three different adiponitrile production

process
B o P4 I T
WA R R GRBOE S
JEUR AR 5 5 5 # i3
Tod® H& HE m R
e = 5 AR RR
R &t & N N N
PEERE i M # 5
& AR RME BUR # 1
B BAE RME Bw Bm W




iE R

PR C RE AR BRR . SMMEERIR N, F
P S SR RAL, R SR AE S & A Sk
SN, S A 1- IV g ik - 2- U S R 1N e % 1- g 3k -2-
I S s S S AR R0, )AL
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A 2B W, O3 — T R A Tkt A B T
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JRE 1) AR R 2%

TA1 A D S B £ A R 2N R H A FE N K )
Je 66+ 7= T3, 1%y A AE 201 28 904 A8 M H A&
JBALRE I T RERC G . & ke T, A
B2 AR R 2R FE AR AE, AR, HAtt e
307 /AR R JE e 66Eh A P RE ). BT ENE KAy
Y s, Bk B R EAE R A Y R R e X
Wz — 2014ERT T mastbizmc g, o=
Jie Tt H e Ak TP X B 3 3 H R B R
10123570, 08k 18 A6 38 [ f K0 % 4 4% 9% 31
H, BHizm H S ISR F=6E 8307 /4, &=
JHe 19 7= fig Sk 21,503 Wi /AR, BN A B BR 1 Bk R
T HERTIRA.

2 AR AR R B Tk

vFT

C IS B A i R KRR | R T =
JRALPRAE DT, AR AR AR | SR AR A AU
WHITEAEAE, 28845007 U= T2 A Fe |
REAE S 7 A LA 4k (AL R B A, Atk
T OIABRPEI R R, IFS T T 2 5. e
JE P LB AR AT R &R, R R
BRI, =R B HERCAR AT A . HP O A
TE 2R AR B e, B2/ 2 ATk
RO PE B SCHE, [ 0 B L M Al AR PE AT T
Toit [ 50 e Al 2 T AN Begg 2 A, AR D
WrBe, WLATEAE SRR 2 DRI SRR B, ff T2
DEPEAE it P de b, T2 PR 248 H ™ S b 4
SEJFT(INC, H, NJE )RS iR 0 R 28 51
A2 BN R 2 U P RT DL R R AOR FROR
PRI AT, E SCONAE™ 1 mol H A 7™ i 15 42
JEURHR S Ll B SR (T A RO g, HERRC R
PR R YD, Wl sR @, BRAEEAN T
A R B 4 0 R B AT — S B PRI, (FCRE AR D ad
TR bR B L I S I 28 U P S 3R B Sy
L PO, U R BT 4 B — N K
b1, 1 HIF AR R AR/ N T 100% 50 A 2 55 22 5
B
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(i) HEEEhEH D k. HERIHF L
A C BRI A Y (KAT): fEAE = i, 6 C B/
B B 2R O e HL AT o = R N 1, S R AR TR A,
O e B B R R AL RO SR IR, SR AR PR AN Ry
80%, im0 O bt 75 Zadt W18 43 15 1 =BT it
ik, BAERES R R, HETFauita)

KAME| O R HR A KA A ™ C i
TR IEFEREMER, B4 1T RAIEFELS
i 68% My fil g, [RIAF 2™ 4 K i A A ey, WK
(28). H AjH 5t 1 80% I N,O 4 b A= 7= O iR HE L,
REMD AU SR REA)ZE, WSERRSES . IR,
Xof PRBE A AR A A A 0
C,H,,0+2HNO, +2H,0 —Surects

C,H,,0,+(NO,NO,,N,0,N,) (28)
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L T RIICE }92%~96%. JRTF 2351k C, 100%:
0, 44.4%(4/9x100%): H, 55.6%(10/18x100%); N, 0%.
T SR 55.7%(146/262x100%), B 0721 1 it
1146 g(6C+10H+40), J5UkHTT i Fl1°4262 g(6C+18H+
9+2N). TEHEAN [ I 2 B IR O %t 1 RLR R N
T4%~77%.

PE International 7% H] R ] Gabi#k /4 X ¥ C b 4
A AT A A i R R == SR HE RO, A 2
it K U5 T W SR R B A 23 (APME) £ 37 1Y) SPINE
LCIEE E, SN IRAEDY, B PR eiR £6 M i1k
L PR CBEAE TR S5 7 B S Ak B O SR e,
TE 3 A o 4 2 v 5 B KA, ) A el R At 7R
VRV RS R = Wy R R, AR N A A O o 3 2o 2% 189 [l
. KATMZZE B 45, FHRRTET0C, 1 atm(1 atm=
1.01325x10° Pa) F & L O MR, FH445hikal, &
ORI AT B ™= . 2630 R R 19 & Ak
JE 3 2 AR HE T 15 Y.

(i) AR EEAEAHI C R, OB
TR A AL A8 Ak 3 2 O AR Ok 24k ) — B gk 8 4k T T
2P T2 e i Sato % AN, IR O M
R, A TRAN AL, = o Jk P IR R IR AR
PR B A AR, A T 53 £330 % 1 X4 /K B B2 46 Ak
O E29). % A s RN SRR AT . AR
ik g . ToTE Yy, SRRV IR | i AL A RE
w1, A7 1 moll R IHAE4 molBUAK. C R
WK K93%. T 2T C, 100%; O, 50%(4/8x
100%); H, 55.6%(10/18x100%). J5i 3% K 67%(146/
218x100%), HHIr=#liitE k146 g(6C+10H+40), Jit
BEE R 218 g(6C+12H+80). 7EX it 2 E
I AT ORI 2093 %
C.H,, +4H,0, e, WOs %)

[CH; (CgH,7); NJHSO, (1%)

C,H,0, +4H,0
(29)

3 CIRBES A G AEREURHR S T

Table 3 Greenhouse gas emission from adipic acid prodution

HEAEITH &
AL W # (kg SO, —) ¥ 0.008
BE R (kg BERALE —e) 0.0018
Jefbig RAAA MBS (kg 29 —e) 0.0023
RETHFEEH (kg R11 —e)” 2.14x107%°
X N A 35 P (kg DCB —e)” 86.062
A2 Yl v s 35 (MLD) 102.528

a) —e, Hi; b) R11, =& HHE, NARILFHIEH]; ¢) DCB,
3,3- AR
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212 BBRAMMASRDI R

RN G0) k. O YR WA P 80%~
88%; SAEI0%; T L4 E: C, 100%; O, 0; N,
100%; H, 50%(8/16x100%). Ji &% % (5 7 F) H %)
H60%(108/180x100%), H 7™ ) it & 4 108 g(6C+
8H+2N), JFUBL i Al R 180 g(6C+16H+40+2N). 1E
O R4 = O Gl v, QR DLER O e Ry i
BHHI O /2, BRI C 0, BRI T A SO0 %
Z3H66%. LIPAC IR ERE, SAEZHC 20, Wk
A RO 322 284 %.
HOOC(CH,),COOH +2NH, — NC(CH,),CN +4H,0

(30)

2.2 NG %
221 FERAHREEFIRYEMON

R GOFT . WG ICRT0%. JRT24
PeE: C, 100%:; 0, 0; N, 100%; H, 33.3%(3/9% 100%).
JFHERCR (R R FH ) R49.5%(53/107x 100%), H
B 7= ) 5 N 53 g(BC+3H+N), JFURE R A1 K 107
g(3C+9H+30+N). FESLFRAE ik R rhr, A 77 LI Js
& ZLIEFE1.09ME PN 4, (AR R~ 18.5 kg LB . 105
kgL & VI A ORI IR 25 R 70%, 20 A 0R
1 2 N 80%(http://www.ipcc-nggip.iges.or.jp/public/
2006gl/index.html). (% SAEAZFA R ) (GHG Pro-
tocol) /& H T I H e N T Z i = SR e T H,, #%
HEAZ 7 3 %) SRR TR 94 i 18 1 B — SR Ak e HE il gk A 7
T8, HAR R 40 5 S2 it 7R (http://www.ipcc-nggip.iges.
or.jp/public/2006gl/index.html). A= 7 1 i J5 A4 P9 45 s ,
Al 7= NG AR R T A BB, AR A 1) HE
}0.830f; 25 AL S AT A M, A fk
T ) HE il 2 k0,830, U AR AL SR = i EA T ]
W, A bmHERE R 0.790.

CH,=CHCH, +1.50, + NH, — CH,=CHCN +3H,0
(31

222 WiFRBE_REFE R

R G2 . & ZERERI0%. 5 T4
FrE: C, 100%; H, 100%; O, 0. J5i &30 % H87%
(108/124x100%), H r 7=y i i £ 41108 g(6C+8H+
2N), AR JEURHBT i F A (6C+8H+10+2N). [ i i 72
R0 FRIENE R A W15 F 2 0, 5 R,
X — AN HAE A S £ b SN A AR, Al R A DR T
FHR A 100%. {H7F 52 B3 S iy 2k # v, JRORE N 0 i 1Y



iE R

Az 7 i R v R BT B A RO T S 70%, KR A L
FIFH R R 80%, T M I By — 38 o 2 1) 2 B P M 90%.
R, MU JSUREY AR i 196 BOT i 21 B 2445 21 B A5 ™
Yo i, AR R A ORI R R 80%, it 5+ 1Y
A RO AL N 63%.
2CH,=CHCN +H,0 — NC(CH,),CN +1/20, (32)

23 T UE
231 EHAALEALEFIBRYENIT

(1) &R, fEHE. 1000CLL E&NT,
PR SGE A L B A A | G A s AR 7
PR 2 AT S B AL 0 (3R(33)). FAL E I 60%~70%.
P25 C, 100%; N, 100%; H, 14.3%(2/14x
100%); O, 0. i ER% H}33.3%(54/162x100%), Hix
FEHIE T 54 g(2C+2H42N), 4 JEURE R R R

162 g(2C+14H+60+2N).
2CH, +2NH, +30, — 2HCN +6H,0 (33)

(i) WIEREEI=%. R mXGHFR. JRT
2235 ME: C, 100%; N, 100%; H, 20%(3/15x100%); O, 0.
JoT i RS 43%(81/189x100%),  H AR 7 ¥ 4 [t Ky
81 g(3C+3H+3N), 4= K J5i kL it & F1 2k 189 g(3C+
15H+60+3N). N 24 A0 AR 7 DR i 1) 2ok A 25 Rl ™
KA E. A= Ui P9 i ) R B2 /I 150 kg
P EAL . KRBT M i 2 R A &= H A
AR, AV, EEFTULE A LA I E
ISEI), B=RES8IT Mi/4F, NG Al r= ik b sy
AEMY33%, PHER K H A (1) H R 5090 S 30% F150%. -
], S R P G ik

CH,=CHCH, +30, +3NH, — 3HCN +6H,0 (34)
232 EHTZHAFIBREENST

T M RORIE E BT 2R, —F R N I S fi ke
BRI A CAMRE o h iR A5 2, 55— Bl AER I
J7CAME o i S A5 3 000N K 2 K S e 20 ) 7 A 3
RA CAR A a2 T 0 i RN AR IR . 4051k
I, JE BRI R FELENAE T Wm0k, kA"
T 2405 T 2 B = ae M 92%. Tk F£ %
FHAE ORS00 7 1 N C AR 4l Hp il 48 T — 0, AR 9IS
AR AT 438 B 75 (ACNTR) . — I 3 I ik i ik
(DMFiE) . N-HEEIL g i e 75 (NMPYE), H s T2
Xif L L4,

233 THERMRNAEFC /K
R AN (35) R, & ZHEWRIS5%. N Y

T4 THEHSBLZHEK

Table 4 Comparison of butadiene separation process

Tz NMP DMF ACN
4l & (%) 98.8~99.9 >99.8 >99.5
W (%) 98~99 >98 97~98
VHIK (t/t) 182 300 230
H, (kWh/t) 135 140 64
FEIR(UY) 1.6 2.6 1.9
) (kg/t) 0.25 1.25 0.37

25 C, 100%; N, 100%; H, 100%. 2 Y
TR N100%. R AT mam ek B e s,
SRR FAL ZORTE TG IE A - i B E =Y, BAR
JFORR A AR 7 R 0 B RCRAR, H R AT R
B R R AR AR R R T Rk
T O 2R B B BRI i, BEAE 38 T2 0 H 25 B
A, R AWy B 0 7RI T U W CR K T
99%. FANAFALR NS FEF, R AT, MR
BT . SRR BIREL, B O A R E
T HAE A LR A5 T2

CH,=CHCH=CH, +2HCN — NC(CH,),CN  (35)
3 45k

ARk E R E AT K, C T
SRR, HERELR KA BEA B EHEZ
PP, B B A O RS AR E AR
Hrfnst AL vEAs, S E A DCHFR RS

(D) XTC ok, R c ZREm TREC
TEREYMAR L R HAL T A A e B AR, SR
T2M) FanFk E I e R A /S E
e, RO TR R C T REANE g, R T
GV R, 207 R MR I R R AR
I REE, BRSOk 2 R
R RE A, 15050 R s 2
R ERON, E5 T Amfrak b, Mgt
TR, AR EC IR R A, 7R
Pl e e C R H, Wiih20164F, REMC R
77 RENE IR F) 20007 W, 1M T 3 7 5K A 292 10077 W A2
fi, C RN T BT, AXT T R
O R M K AE 170000/, H B £ 76 110007C. 4
SRBBHS IR Sk I A AR, IR A A B HE, 1
FREBEARZESMNELT, A HC RELBK
B ZIEN T AL EA —Emnl 17k,
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(2) XFFRMIEE, O B UL, TR
FL R RN AT AR H R &5, BN EIC
JRF R FHZ100%, NJEFFIH R 100%. {5 RN
AR R AR R R AR, H AR HERCE K,
[Fi) T IIfs 5 4 €0 b A0 A ) 0, AT S (L 75 1
201 1AEFR [ NI IS 1 F= BE 29 A 1107 W, T 3500 2 i
1607 i, HAT R s 11, 32 JFORMIE R K2
FEEAC R IR | 24Ty T A BB, T PN TR A S
NI RKABR. B E20164F, T AT I 7 R R
IR 22077 Wi/AE, T BERE R 1807 Mi/4E . PN TG Y
oA B 2 b T3 8 B K, TR B 1 A LA P AN
B, HI% T 20 EA B A TR Ao i f7 B A A 3
SR 4 e DU DS A I R 7 o AR A R R R, R
TRBRHER R, IR — B AR T2 9 & T #eve, wf
BEZ T 2T a4 b

) XFT Mk, IWRERHMIER &, 0524
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B, 7S AT 3599.9%, IR K T 99%; TN & A
fad B AT E = K AR R T U A R A s

553k

O I, i595%, RNV R 4T 100%,
BN ad R 4 . REREAS, WRAH IR FILE R
Bk, JEAER MM O RS ER. BT Rk
RO R4S BEEERT0%, BT a5t
R E AR A IBOEEGR) . P (P g ) . B
Wy RS D BIUA A A = 2B W, i g ) D
FALEEA R, XTI AR T A R,
IESER T, 3REJLFEA X 5 s, B E
JEESN, BT ERILARIR LR, FEA EEE AT
(1) SERBATE % SCHR & 2%
ZHARZEWRIBRE], O B AT 4 SR AR Ak
— BRI NAS S KR AR, TR B O R R
KIAmIGEPRER. 28k, O ZRE M H AR LR AR X 4
IR O R 1k B W I 1 0 IR T e DR R AIG, iR Rk
ikt T AR R T2, R
HA T2 2k, R REE 25, XTI E Y HT A
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A review of adiponitrile industrial production processes and associated
atom economies

ZHU YunFeng, GAO Liang, WEN LangYou & ZONG BaoNing
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Adiponitrile (ADN) is an important raw material in the chemical industry, and is primarily used in the synthesis of 1,6-
hexamethylenediamine (HMDA), a component of nylon 6,6. In present-day China, the technology required for the synthesis of ADN
has been monopolized by several foreign corporations, including BASF, Invista, Asha and Solutia, which has hampered the
development of a domestic nylon 6,6 industry. Based on this scenario, it is anticipated that the ADN market patterns in China will
remain unchanged for a significant time span, suggesting that the domestic ADN industry will face long-term challenges. There are
three main methods of producing ADN: electrolytic hydrodimerization of acrylonitrile, hydrocyanation of 1,3-butadiene and catalytic
dehydration of adipic acid and ammonia. In the case of the electrohydrodimerization process, earlier versions employed the diaphragm
method. Considering acrylonitrile do not participate in the anodic reaction, process improvements have removed the need for a
diaphragm, thus allowing a simplified, one-step reaction process. However, the electrohydrodimerization method still consumes large
amounts of electric energy, and the associated reaction parameters, such as the acrylonitrile concentration, electrolyte pH, current
density and electrolyte flow rate, must be strictly controlled, as they may potentially affect both the selectivity and yield of the reaction.
The dehydration process is typically conducted in either the liquid or vapor phase, and has the advantages of requiring minimal
investment and equipment. However, the atom economy associated with this process is unsatisfactory as a result of the high reaction
temperature and uncontrollable side reactions. The hydrocyanation process is comparatively superior, with the advantages of low
raw-material costs, reduced energy consumption, short process flows and higher atom economy. However, the raw material hydrogen
cyanide is highly toxic and its use involves significant risk, thus requiring extremely rigorous control of production equipment,
operating conditions and process management practices. This paper presents an analysis of the specific technical aspects, reaction
mechanisms and atom efficiencies of these different processes. The review presented herein concludes that the development of greener
processes and autonomous technologies to produce ADN in place of traditional methods would be of significant benefit to the nylon
6,6 industry in China.

adiponitrile, hexamethylenediamine, adipic acid, acrylontrile, nylon-6,6
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