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Fig. 1 Mass transfer of catalyst in the hydrogenation of HXNBR latex
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Fig. 2 (a) Effect of hydrogenation pressure on reaction rate; (b) effect of hydrogenation pressure on average hydrogenation rate
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Fig. 3 (a) Effect of catalyst dosage on hydrogenation reaction; (b) effect of catalyst dosage on average hydrogenation rate
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96.5% +1% ( 7 i HXNBR) |, Ji & ] fal i 2 b ik 4
N Tl A = rp SR S B (8] — B S i 7E 5~ 7 h
HOMAEE ;Y XNBR BFLI A KT 10% 6,7 h
JE N BB RESL B H AR I & 96.5% +1% (7 i
Ji&E HXNBR) , K, A< SCOR 6 [ 7 12 10% 9 i 2Lk
rift—InEase.,



6 TR S TR

2026 4F

100

Hydrongenation conversion/%

0o 2 4 6
Reaction time/h

Fig. 4

2.5 BEHEEEI NS RN AR

J52 N7 22 1P B2 X 0 & S ) 5 e T Fig.5 (a)
Fiis . 1ER S E J1 8 8 MPa, i 4k 7 5t & 43 50 Ky
0.013% , BEFLIE & i 15% MIZRE T, S FEs i
250 r/min i, S 7 h 5 NSV R 90.26% , i3
FEh 350 t/min B, )2 7 h 5 INEE R 91.98% , 4
PPk B R 450 r/min BF, 2R 7 h SR IR E A
92.13% , 4 FEH FE T+ 2 500 t/min B, B AR 7 h
Je I E AL AT LIS B 95.39% , (H e 3L H B
MR FLIR G, 3K 23 5% ) 12 2L 00 0 38 ) 2 vk e S fb 2%

R 100
L (2) z
=]
2 8o}

S

[P)

=

S 60}

=]

] o .
=2 404 ——Agitation speed 250 r -min~'
g ——Agitation speed 350 r -min~'
gl) ——Agitation speed 450 r -min~*
=} 20 ———Agitation speed 500 r -min~*
o 1 ——Agitation speed 550 r -min~
S
=N

0 2 4 6

Reaction time/h
Fig. 5

PhEWESE T AN [RS8 X XNBR LN & s
NASEI SR RN R T, #E 5 ~ 8 MPa T, il
AR B ) TE s, 2k %] 9 MPa J5 5 T8
JEERA /0N TR AR R B R B S R T T A
J N TR AR TR 0 E 4 B 0.01% B, R 7 h X
RESC BN & 88.31% , 4 i b 7 Jit = 4> B3 =
0.015% B, )2 v 5 h BPRESE N & 96.15% , 53 4%,

100

s O

Z sof

<

I

2 60}

S

S |

=

5040-

st

< 20F

3 5 7
t/h

(a) Effect of solid content of latex on hydrogenation reaction; (b) effect of solid content of latex on average hydrogenation rate

faEtEne,; M X B 550 r/min B}, 28 N IR FL
FUTH, BV 7 h JE AR T 60.98% , ISk
VL AT T 87 M SR Y 5 e 4T Fig. 5 (b) e
TRo YR EE A 250 ~ 500 r/min 22 [, BE B
L BRGNS0 U R T (B R AN
K, YHEFEE BE R 550 r/min B & SRR T
R, 3K AT RS R T 0 e 2 o PR L Ak R A F rh
FIBS B oA, R T R AR E M, S B L,
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RSB ER ST Y] AN
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(a) Effect of stirring speed on the hydrogenation reaction; (b) influence of stirring speed on the average hydrogenation rate
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T g, A2 T8, I B4 5 A F) 500 r/min
B2 A FLIN G . B ] WL FEAS SCRF AR R
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Fig. 6 (a) Fourier spectra before and after hydrogenation; (b) nuclear magnetic resonance hydrogen spectra before and after hydrogenation
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HXNBR(ZZ) #1555 e HXNBR Y5 R5 I & 5
FRIE T AR S R AR MO S5 #E FRAE 1N Tab. 1 BT
7N XNBR ISR G N MG & i JREE & it AHXT 4
T BT o A B A AR fk . HXNBR H i)
PRI O e 0T AGRE (R  A = i R T vl 2 g
YRR A B LR, TR AR
Y & B AT  HXNBR (Z2) 53 5 HXNBR 1Y
PG & i AH I ; HXNBR (ZZ) R 55 5 T3 i

JE v, PN T 5 SRR A AR 25 A e — 2
TRt 9 1 RS £ 2 1 PT 2 SR, HXINBR A AR X6
SyF I RN THERE , 5 HXNBR(ZZ) H L,
T i B HXNBR (940 X 43 03 o =i, i B 14 30 30
PEAHXT T HXNBR(ZZ) 522, N THMERE 4 8, L
B o F o A S o T RE B BN £ 22—,
Tab. 1 7w ,2 FIAR L A0 40 1 o0 A AR R, 16 B L4
FHER T, T PEREAIL,

Tab. 1 Micro-performance test of HXNBR and HXNBR (ZZ)

Sample product XNBR HXNBR HXNBR(ZZ)
Acrylonitrile content/% 30.18 32.50 31.94
Carboxyl content/% 5518 4.113 5.738
M, x10™ 349 37.8 35.0
PDI 3.67 3.48 3.25
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HXNBR (ZZ) I35 i i HXNBR 9 5 £b 44
44N Fig.7 Fis, 2 FRE S B AL 26 b s .
Tab.2 A1, HXNBR(ZZ) I3 it i HXNBR #) 1, $%
T, BEEH 2 B AR BE R 14, ELAT SRR T %
SV TR 1, WA, LI T B Ak B A 22
AR, FEIEE (M, -M,) VA R AL R T fig B — 4
HEEAEGR , 22 E R, LI AR A B R B 28 1k
DRER 445 ) k2% 4R PR RE MG, AR XTI, HXNBR
(ZZ) WACHRFR B 5 T 52 i i HXNBR, G4k 6,2
Tl JE A A AR I AR 2 0L, A B 2 2 P O 1 58
IR AR S5 48 A — 3,

40

—— HXNBR(ZZ)
—— HXNBR

Torque/(dN - m)
o
[

0 400 800 1200
t/s
Fig. 7 Vulcanisation characteristic curves of HXNBR and HXNBR

(2z)

Tab. 2 Vulcanisation properties of HXNBR and HNBR ( ZZ)

Sample product HXNBR HXNBR (ZZ)
t,,/min 0.55 0.53
t4,/Min 4.74 4.58

M,/(dN-m) 2.27 2.48
M,/ (dN-m) 33.05 35.86
(My=M,)/(dN-m) 30.78 33.38

2.9 PE AR Z WL R AR

Tab.3 SR 4T R AL 1 # 7) HXNBR (ZZ)
55 M HXNBR (9938 ) 2= PEREXT L, 41 Tab.3
Ji7R ,HXNBR (ZZ) FO AP AT A 83.4, F o i
31.7 MPa, 100% & ff1 i 114 21.3 MPa, ¥t Foa i I8
HXNBR, ¥ 24 filt K R & 196.8% , W& ik T 5 &h IR
(202.1% ) fH - FHER K,

Tab. 3 Physical and mechanical properties

Sample product HXNBR HXNBR (ZZ)

Shore A hardness 82.3 834

Tensile strength/MPa 313 31.7
Modulus at 100% elongation/MPa 20.7 21.3
Elongation at break/% 202.1 196.8

KT Z AL %5 B9 HXNBR (ZZ) 552 i g
HXNBR (#7550 M RE T E AL IS (17 T 24 P e AR
6340 Tab.4 iR, TSI S MR I AC Bk 2544
5 RN T S I B B BN £ 5 T AR RE YD S R
Ak, SRR R AR, R, 7E 150 TR B
JiE 3 d J5 ,HXNBR(ZZ) 535§ ik HXNBR (15 i
YIsahn, H HXNBR ( ZZ) f5 AR AL RS A T 5 5 i
HXNBR, UtH A e W Foe i i, [, 24k ia
HXNBR(ZZ) 535 5 ik HXNBR (8478158 B 2475 K
X TR AL R P AR 1) I 2% 25 R i B IR | XL
SIS, oA A E 1 2 | (AR SR B R
PERIAZ B GE  Tab.3 B0HE 2R, 2 RS S7 (5%
FEARARARARL, e B 3 & 10 5 RE A% 7K 32 19 d5c K N
FFAAEE . 355 HXNBR #2465 B9 100% & f#
N AR Ak % Ry 68.12% , W A F HXNBR (ZZ)
71.36% . it i HXNBR 5 HXNBR (ZZ) #4L)5 1)
Wi SR AR AL F A 22 AN, Ul B 3 I S B i
AR G35 T R R AR DL P A s R L A A
[6], HXNBR (ZZ) B JE 28 Ky 27.6% , 5 32 & I
HXNBR (28% ) tH24, &k RECE I N AR & etk
AERY — > HE E 48 b5, HXNBR (ZZ) 2L RECH
63.36% , R T35 i i HXNBR (62.98% ) , i B H: 3%
f)E A R e I MERE

SRPIAE 1 # bR AE A 3 # 45 EJh o XF HXNBR
(ZZ) 53 i HXNBR #E77 it 9 M B, B i i
i 1#Am T 1 e B B AR L R AN Tab.5 FiR, M
Tab.5 W LAE H 76 150 THISRMET 76 1#bR i
120 3 d i, 3e 5t/ HXNBR F1 HXNBR( ZZ ) (445301
PEREFEAR IS ke —3k, Hirp 2 Fiig e i i Ji A
PEIEA — B HXNBR (ZZ) #9375 B2 A2 £ %y
9.78% , . T 3% & I8 HXNBR ) 17.57% , i B
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HXNBR (ZZ) 53 F 25 B F 2 ;s HXNBR ( ZZ) 9
ZUK AL R K - 14.74% AT 35 5 8 HXNBR #Y
b S e K R A Ak % - 21.18% , %6 ] HXNBR (ZZ) 7F
TH#BRIETH PR35 TP B PR A A 1 e 5 T AR BE ), At
FEPETE LT HXNBR ( ZZ) 1 57 5 A8 Ak 2 AR B AR b
RIEAL T3 Fh 5 HXNBR , 6B HCTH 145 i i 1 B o
st b, 5355 HXNBR M H , HXNBR ( ZZ)
FE VBRI PR S vh BT A i v M R X R 22

ATRETR T 2 A1 KL 1 45 F1 58 15 %5 B 1) AN )
HXNBR (ZZ) 5> 45 ¥ 7] B i AR Tl A 3 rh i R
B, ACHR i DN B A nG e vl R RE L G
Tab.6 iz~ , 7EIN 3#RAEN X th , HXNBR (ZZ) 1
T i I HXNBR [ 55 A8 £k e A — 3, PR 3 i i
588 FE AR 4K 3R 100% 22 i1 7 A8 £k 58 1 AR AL i 32
B FH R s HXNBR(ZZ) 558 5 i HXNBR (B 24 fif
SRR/ B REAAH Y AR %) o £ AR AL SR R AR

Tab. 4 Ageing performance of hot air and change rate of performance after ageing

Sample product HXNBR HXNBR (ZZ)

Shore A hardness 88.6 89.1

Tensile strength/MPa 37.8 38.3

Modulus at 100% elongation/MPa 34.8 36.5
Elongation at break/% 105.4 103.2

Performance change rate

Change of hardness/Shore A 6.3 5.7
Change rate of tensile strength/% 20.77 20.82
Change rate of modulus at 100% elongation/% 68.12 71.36
Change rate of tensile elongation rate/% -47.85 -47.56
Ageing coefficient/% 62.98 63.36
Compression set/% 28 27.6

Tab. 5 1# Oil resistance and change rate of post-oil resistance performance
Sample product HXNBR HXNBR(ZZ)

Shore A hardness 87.9 89.3

Tensile strength/MPa 36.8 34.8

Modulus at 100% elongation/MPa 31.4 30.8
Elongation at break/% 159.3 167.8

Performance change rate

Change of hardness/Shore A 5.6 59

Change rate of tensile strength/% 17.57 9.78
Change rate of modulus at 100% elongation/% 51.69 44.60
Change rate of tensile elongation rate/% -21.18 -14.74
Change rate of mass/% -2.2 -1.7

Change rate of volume/% =25 -23
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Tab. 6 3# Oil resistance and change rate of post-oil resistance performance
Sample product HXNBR HXNBR (ZZ)
Shore A hardness 75.8 77.2
Tensile strength/MPa 33.6 35.7
Modulus at 100% elongation/MPa 254 26.3
Elongation at break/% 166.4 155.2
Performance change rate
Change of hardness/Shore A -6.5 -6.2
Change rate of tensile strength/% 7.35 12.62
Change rate of modulus at 100% elongation/% 22.71 23.47
Change rate of tensile elongation rate/% -17.66 -21.14
Change rate of mass/% 7 5.9
Change rate of volume/% 8.8 7.7

AR R SR A i LA T IS o v i Ak i ) ) AR
br ,HXNBR(ZZ) [l A 0% 0 5.9% AR FRAE {4
] 7.7% WAL T HXNBR A AR AL R (7% ) FIARER
AL (8.8% ) , BBl HXNBR(ZZ) 7E 3#br i o )
T3 M B8 O T 58 A . B Rk U, H il HXNBR
(ZZ) W3R 724 T Re T 3 s S A R R o
fiE 5 5% M HXNBR AH 2, H 84 TR E T T i
Tt P B AR T 3 ot o B TR 1

3 g

AR RVET ZR AL, 38 o LV &k Xt
XNBR 3L BT A A, B35 8 T HXNBR
LR £ 8 A L AR B 2T AP G AT e ik
SUEEEFRAE, N T HXNBR 19 3EA S5 44 38 o BF
FASET AT E S & 550X XNBR ZL
IR B s A TINE T8 ER LT 0 8
MPa, IR FLIE &R 10% , fit $E2 5% 73 & 450 1/min,
PEAL R BT 53500 0.013% ISF, )2 7 h J5 inE % ik
) 95.42% , JINEUNE FE A TR A 6N AR
N R B T HEAE . BeAh, HERRIT M A5 R R
B, Al HXNBR(ZZ) (93 124 RE T A R
LS A | T = R A S I N NS
Therban®XT VP KA 8889 #1124, ik — & Tl AL 56 3iE
J& , A I A AR T AR ) B AR AR
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Preparation of Hydrogenated Carboxy Nitrile Rubber by Emulsion
Hydrogenation and Its Application Properties

Lei Wang', Jinsheng Lin’, Tiezhu Li*, Shanfu Wang®, Lingling Chu’, Jingjie Han', Hui Wang’
(1. School of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042, China;
2. College of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042, China;
3. Qingdao Haona Chemical Technology Co., Ltd., Qingdao 266042, China;
4. Science and Technology Innovation Center of Lanzhou Petrochemical Branch of PetroChina, Lanzhou 730060, China;
5. Qingdao Black Cat New Materials Research Institute Co., Ltd., Qingdao 266400, China)

ABSTRACT: Hydrogenated carboxyl nitrile rubber (HXNBR) is a special synthetic rubber. Compared with
hydrogenated nitrile butadiene rubber ( HNBR ), the introduction of carboxyl groups gives HXNBR more
advantages in terms of physical and mechanical strength, and it can meet the high-performance requirements of
new-generation rubber products in aerospace, oil drilling and other fields. However, the traditional catalytic
hydrogenation technology of organic solutions has problems such as environmental unfriendliness and complex
processes, and there is an urgent need to develop more efficient and environmentally friendly hydrogenation
processes. Based on a new ruthenium-based catalyst, this study adopted direct catalytic hydrogenation of XNBR
latex and successfully achieved the green preparation of HXNBR. The structure of HXNBR was confirmed through
characterizations such as Fourier transform infrared spectroscopy (FT-IR) and proton nuclear magnetic resonance
spectroscopy ('H-NMR). At the same time, the effects of different hydrogenation conditions, such as hydrogen
pressure and catalyst dosage, on the hydrogenation reaction of XNBR emulsion were studied; based on this, the
emulsion catalytic hydrogenation process was optimized. Under the conditions of hydrogen pressure of 8 MPa,
solid content of latex of 10%, and rotational speed of the stirring paddle of 450 r/min, when the catalyst dosage is
only 0.013% (mass fraction), the hydrogenation degree of reaction could reach 95.42% after 7 h. The
performance of the self-made HXNBR(ZZ) and the imported product of the same series, Therban®XT VP KA
8889 (commercial rubber HXNBR), was compared and evaluated after mixing and vulcanization processing. The
results show that the physical and mechanical properties, heat resistance to air aging and oil resistance of the self-
made HXNBR(ZZ) are comparable to those of the commercial rubber HXNBR, and it can achieve the domestic
substitution of hydrogenated carboxylated nitrile butadiene rubber.

Keywords: ruthenium catalyst; hydrogenated carboxylated nitrile rubber; emulsion hydrogenation; application

performance



