FEooEBEIH
2006 FE 3 B

B 4R o

HERRAL AR AL

C R B B
KER, BEAL BXE, TRE L4

(AREILRFFREIAELLFR, ZLAIIT %R E 15000)

FE: DREAER (Asp) A H R (Glu) R, 45 L RS BB R R LR (B Asp/CGlu SR Y, PAG) . B T KB &M
o S R Y SRR E W S F RN, PR T B FRE S HIE RN R R, SR EW D NaSo, KA, BAREE
7 180°C, n(Glu) : n(Asp + Glu) = 0.1, n(4E4LH) : n(Asp + Glu) = 0.030, X i 100 min, 3t B Yy 7 23K B 96.2% , X 20 T &
23282 200 , X5 BR 4% 1 BELYR 3R e 4 ;78 [R) R 1 00 Rk BE L JEURH I Lo AR P65 P B 254, IBE 120 min, 5775 7= 19 A 3 43 F
FEZ N 3 000,77 Fik 99.4% , MR RS HA BRI RUR .

FER  RLER; F AR ;L8 I

o 4 5 : TQ31 XERFRIEAD A

X EH S :0253 - 4320(2006)03 - 0043 - 03

Thermal polycondensation synthesis of modified polyaspartic acid
ZHANG Yu-ling, HUANG Jun-li, CHENG Zhi-hui, YU Xiao-ying , YANG Shi-lin
(School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: Modified polyaspartic acid ( copolymer between aspartic acid and glutamic acid, PAG) was synthesized with
aspartic acid and glutamic acid as raw materials. The influence of reaction conditions on the product conversion rate and the
weight average molecular weight was investigated. And the relationship between the weight average molecular weight of the
copolymer and its scale inhibiting was analyzed . The results showed that the yield and weight average molecular weight of the
copolymer were 96.8% and 2200 respectively when the reacting substance reacted at 180°C for 100min with Na,SO, as the
catalyst, and with 0.1 of n(Glu): n(Asp + Glu) and 0.035 of n (catalyst) : n (Asp + Glu) . The copolymer made under the
above conditions had good inhibiting on CaSO, . Under the same conditions of reaction temperature, n(Glu) : n(Asp + Glu) and

n(catalyst) : n(Asp + Glu) the yield and weight average molecular weight of the copolymer is respectively 99.4% and 3 000
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after 120 min of reaction.And the copolymer had optimal inhibiting on CaCOj;.
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KRR ZMR (PASP) & —Fp i BUK A B, B A
B A BH 35 28 1l BB, X CaSO,. BaSO, ). CaCO;.
Cas (PO, ), PV EE G544 % B4 i 190 461 D 5 ot 3nh R [0
TR P TRESMET B S A S h s B A B i
HIMEFB, (B septget -5 3 0 16 B IR 1 Bk 7 TH
RRXEAERS BRI 1z 68 F /& B FEI5 7 v A —
EEE,F LR IEEZE S BT, BR
ZERW B RER M, KLl 2 fek 2 # L2 L
B BAR BT IR R R B R R E R A B ER
Z— WAR.CoRE rERMEHRY 5K
XARERIMACHERE, SRRLEZRMEL , X
AL RYIMHIE R AHERS, TZH TR
MR, YRR, EEUSER LR
Bk, SRAFRFITEAHMERE ,HB/TRELH
B/ABRBRERY, ZTES5RLEARBEEKRET

Y% B H#:2005 - 11 - 09; f&E HH# :2005 - 12 - 22
E&WH M/RIET R B3 H (2003AA4CS123)

SV e, AR R AR TR IR, 45 0 I B 1D
mH A=Y SEMN B SR, BD T HEEE,

1 LI

1.1 ¥R5&&
L-REAFBR(L-Asp), 4iE =99.29% , JLH T
BRI BRER(Cl) , 4 E > 99.8% , T dn i
BEMRARAF; BRRLER,40% i & 70 B %
W, HRAEW A TR A BRA R B G5
Serirs200, 3% [E Perkin Elmer 2 7] o
1.2 EER Y (PAG) K #l & K18 E
B—EER L-KRLARMAE R %GR
B WAL NaySO,, A FE —ERET
T B — B B [, 5 8 B4 7 4 R SR B A Bk I Bk Y
T A9 (PSID) 5 2R 5 T N8 &2 A9 NaOH I, i Z 78

EEB N K ER (1977 - ), & LR BAEFL (1938 - ), 5B, R, S8, 16 1A 50, 122 0K b BE25550 19 I & 5 00 AW, @RIk R A,

0451 — 86282106, junli_hit @ 126 .. com,



- 44 - 4%, 4

EroBEIW

WA T Bk g, B EBAER; ZEHRR
V& pH 2R, U8, IR P AT K & B, TE
PREAUE, VI E E S S IBIH7E T0°CE S T
BEAMAKTY, DARLER/BERNERY
(PAG) .

R —E BRI RGN =Y E THEMA S, m
AT SRR, DR PSID R4V MR, ARG #r UL
6 h, KB EVE W, BT UL IE W B R oK 0L B9 K & &
MRS ER, EHRE, 75 PSID W= ¢ =
(mg— my)/mgx100% o K H my R FRBORFE A9 R
(), m AVEYHIRE (),

PAG 43 F Jit & Al A 8¢ I & & 3% 1 (GPC) W
ELUR S B AR (XY 0 7 B & o 5l ok
400.600-2 0006 000,10 000) ; ¥ 21 #H -~ 0.1 mol/L
Na,SO, % ,pH="7.0,

¥ BB SY/T 5673—93 i H FH Bl ¥ 57 4 B8 PF & 7
B 5E , LABH YR 32 3% 7 BELIR 77 (9 BEL3G 1 BE

2 #ZR5iTiE

2.1 RESB/ASBEBRELRE
REABRSBERLERI T EME 1 i,
HE 1ATUES, REEARSFERE BHEHLER
52| PSID, #X J5 PSID /K fi# 75 2] PAG., X Ui B PAG
FERAOBKREZEBRT PSID =R, HENEE
2 N 4 AE X PSID Y 72 2R B B2 o
(0]

0
H,N OH , OH Mtk
OH OH i #&
HN O

0 2
Asp

Glu
? ? COOH]|
COOH OH
HN NH
T {¢ fiLA
x 0 x
0 0
PAG

PSID

B 1 Asp/Glu # % £ & K b7 #2

2.2 KM% PSID M PAG ¥ FREH
Al
2.2.1 Glu/(Asp+ Glu)FiH EHWH W
—EBMRLARSBFAREBEEWE 170C KR
M 2h,Y n(Glu):n(Asp + Glu) #£0 ~ 0.9 JEFE N 2
fLBt, PSID 7= 3 (48 4k F PAG T BR 45 B3R &R 1)
M AnE 2 i
HE 2 AT LLE W, 2 n(Glu): n(Asp + Glu) 7E
0~ 0.5 3l N A2 i, 2% &R B o5 b B B B 3
&% T PSID M=%t 0.5, " RAHEEN. R

KR GABRBEIKTE 170°C I 2 h J5 L BHE F ¥ R E
B, AR BRI AR HEZRRE T RER
B, H =R A58 100 % , 31X U B 2 2 BR 19 m A BE 1K
TRE RN R R E, B &R R G KL TE L
BB RKLERK. HE 28 EH, S n(Glu):
n(Asp+ Glu) A 0.1 #1 0.6 i}, I R Y ¥ B A R /Y
BHIETERE, LM P R AR ERE BRI Z , YN E
SR, HIE#E n(Glu) i n(Asp + Glu) =0.1 N
BRAEFRHEC H o

100

=) 0
o =]
T
1
=) 3
(=) (=]

N
(=]
T

PSIDF=% /%
SRS
(=} (=}
PAGHHIE /%

1)
(=]

(=}

0l.2 0.I4 016 OI.S
n(Glu):n(Asp+Glu)

gy
(=]

1—PSID 7 2 ;2—PAG I FELIF R
B2 foit & PSID = & oy % g
2.2.2 BENHA
% n(Glu):n(Asp+ Glu) 0.1, BARR 2 h
i, 58 I8 BE B9 AR 4k Xt PSID = 2R Ml PAG 4 T R &

i) 5 e UL I 3.
100 - 2500
80 . 12000 gz
g 60 —15005
ﬁ 2 X
=S 40 {1000 &
20 {500 =

0 . . . . . 0
150 160 170 180 190 200 210
BE/C

I—FER 22— FRE
B3 RAEBREXFERLQTREND W

B & 3 AT & i, PSID M7= M PAG 4> F &
Yy i B o7 3R B 1 v T RGBT IR R T 180°C
B, RA g, PSID P RBK, R AMIE. &
FEEF] 180°CHT, PSID F= 23k F] 92.2% , M BF 4k 42 T+
1R R B X PR R AN KL (BARAR T LA R4y TR &
XA ZRERNE FELSERE, T 180C KL T
2hE  EERBEYLE KT EHLNRA K, gk
FHERE, AR TREEPRRERNE-LRE,
MTRES i — SR RY W ER S FHE. Hid
FIREA G AR R AT R, & ERB K
SFRENLRY, LARARM T 2S5 A 2
HhEFRBE. ETULST, RLER 5B ER



2006 FE 3 B

HKESF AEREXLEROABRREESN - 45 -

IR I LR E R E R 180°C o
2.2.3 REHE&HH

n(Glu):n(Asp+ Glu) X 0.1, REIEE N 180C
B, 2 L B (8] % PSID 7= 281 PAG 43 F Jit & 1Y 5 Wil
W& 4, PSID f 7= 2R M PAG K4 F i & #B B & L
RHERERTIRS. MBERENH, KRP MY
IR K, 5 TR A& RN A 347 , PSID B 7= R B
&I A WA B9 4 K T 32 = B PR 5 120 min J5, PAG 1Y
4 F R B AR SR B SN B TR] B SE KT A A KR L B
RN HUEERNHE . RS K N AR 2
ST RORREAR, RN ER RIS K. WO R
N B [E] 16 4 R 100 min, 22 f5 38 55 1) )5 A 3R AP 4
AR, FERIE S = R AT R T #H — B RS 4 F

iy

100 3000
80 12500 g
8 ] =y
£ 60 1 2000y,
ol 1500 §
S 40F
z 2 {1000 &
201 {s00 &
0 . . o
50 80 110 140
I ]/ min
17 2 F R

B4 RPretlEstFEfgFRENYH

2.2.4 HBAFAZGH A

T n(Glu): n(Asp + Glu) H 0.1. X M IEE RN
180°C B & BY A 24 100 min #9514, % NaySO,
TER AT, ZEET n(E4F]) : n(Asp + Glu)
Xf PSID f= 2 Hl PAG 4r F IR E& M ), 45 R A 5
B o

100 2500
L | ]
. 90 1 2000 s
% 80f > {1500 Q
% 70} 1000 ®
z g
& 60 1500 2
-9

50 I 1 1 O
0.005 0.015 0.025 0.035 0.045
n(f4k37): n(Asp+Glu)

1= 32— 40 F R It
B5 #AANAENFEM0THRENY N

PEAL T B A AR T B L BE , PSID Y 7= 3R
3 PAG M FRENAEHBRE. X n () :
n(Asp + Glu) #4% 0.030 J5 ,PSID R RHE LA
Bif ,fH PAG W/ FRREBRAABRRKEENRE.
XYL AL R AU B B R R R A BA R

MREVER T E M R ERIEREN RS EAES —
EREAER. 2 n(FEAT) : n(Asp + Glu) K
0.030 B}, PSID =4 96.2% , A} PAG BN 43 T
B 212k 2 200 N B [H] ZE K 2 120 min, PSID 7= 2
K$]99.7% , BBt PAG BAEXS 43 F T & 2943 000,
2.3 SFREXMERYIRHZMN

HTF n(Glu):n(Asp+ Glu) EFIEN 0.1, HAth
T2 E AU W 7= 4 1 7= 28, T B X 7= 4
Mo FRELEEEEYW. mYNSFREAR
A, KRR, K& AR/ A &L RYE NI
L, EXARRIZER B 4545 B A B AT 10 676 A A & fE
SFREBEHEGSAR, EFTARSFHREN
PAG, B ZH R EWE N 10.0 mg/L At Xf CaCO, L5
B 300 1 VR A B 2 EE R 0.8 mg/L B Xt CaSO, B9
PHAE AR, 45 R A 6 i, BIEl 6 B, PAG I E
st 4> TR &R 3 000 £ 4 B, % CaCO; B A &%
FERY B UG 20 3, T H PAG W AH X 4+ F R B 78
2 600 ~ 4 000 B , #R B A # 47 Y BHIR ROR ; PAG B E
¥t 4> 7R BN 2 200 £ 4 B, XF CaSO, 4535 B9
e A B4, T EL7E 1 800 ~ 2 500 %} CaSO, ¥ BA
RS R BEIRROCR o

100
8o 1
T ol 2
£
= Yo
20F
0 10|00 20|00 3060 4060 5000
PAGHIN 4 T-Hi it
1— B4 ; 2— TR R 4T
K6 PAG 4 F i &t CaCO;.CaSO, M3
RRW B
3 &ig

REAAREAEARELTEAHAEREGH/AT
Asp/Glu HEBY, Y n(Glu): n(Asp + Glu)~¥ 0.1,
NLIRE R 180°C , n (MEALH]) < n (Glu + Asp) iy 0.03,
R4 BFE & 100 min, Bt B PSID B 7= %k 96.8%,
PAG HIHHXT 2 TR B 2128 2 200, %t CaSO, B A H i
BEL3f5 355 SR 5 [RI A 9 JEORHC B L 7 3R B ARk 50 &
B4 T, B4 I E 2 120 min, PSID B9 7 F F PAG
AR X 2 F BB 43 514 99.49% 1 3 000, H Xt CaCO;,
AAREMETFEME. SRLEAREKRE T ZM
b, 2% T2 AN A R R BE A X AL 7R R R

(T#% 49 W)



006 E3HE BUEBS BUANERNE-BRE

ST et

P19

FHISEEPESRELTORRE

.49.

1 IR IR E SR 2 ISR ML EFRE .
BBt 5 Mn XA 4650 B9 R Wi A B, Ze B9 0 A E A A
THEALFI H CuO 1 ZnO H 73 B, {6 47 5 20 70 18] F) B
FEFBERBIRIE. HERSLREREDIE

3 S&iE

R FH R B 388 UL V€ 1 1 45 4 B Y BR A L AL
R, Al M Zr EEEE,HE Cu/Zn BRI
B, AR IS TR, 24 Cu/Zn BE/R H M 1B, 36
B MM a & Ak 1 et 3 TR, M #E Cu/Zn
BE/REL R 2 B, &M A BT A o Cu/Zn BEJR A 1
BIAEAL ) B CuO 1 ZnO Y AH B 43 BOFE B | 4, 4R
PR A B DLTCE TR A 1 4 B B i (RO X
,OHSASEMES. EFRRRGEN, B
Zr W 1A BB % B S b, B w55 R A TR ) T R R B
Mn F4 I AR AL R T P R 3R A — B AR, (R
AFI R IE IR A BT T P, La F Ce X 32 & fE4L
EEERA R,

2% ik

[1] Chinchen G C,Denny P J, Jennings J R, et al . Synthesis of methanol:
part 1. Catalysts and kinetics[ J] . Applied Catalysis, 1988,36:1 - 65.

[2] Kiler K. Methanol sy‘nthesis[J] . Advances in Catalysis, 1982,31:243 —
313.

(3] E¥G, 30, A 2=, 45 3k 1 B Il A A 300 28 3% F 8 it
&[], Tk fi 4k ,2003,11(3) :39 - 42.

(4] A WH , XALTE . TR - D9 3 RF UL IE 15 i 44 4 2 Y 2 BB AL R0 )
WRlCl/ /e T/ M TRIFEAR S A e R 5 2 R

HETESEYHTESROE. bR TR¥ %,

2005:195.

Chen H Y,Lau S P,Chen L, et al. Synergism between Cu and Zn sites

in Cu/Zn catalysts for methanol synthesis[ J] . Applied Surface Science,

1999,152(3/4) :193 - 199.

[6] Burch R, Chappell R J.Support and additive effects in the synthesis of

methanol over copper catalysts[ J]. Applied Catalysis, 1988, 45 (1):

131 - 150.

Choi Y, Futagami K, Fujitani T, et al. The role of ZnO in Cu/ZnO

methanol synthesis catalysts-morphology effect or active site model?

[J]. Applied Catalysis,2001,208(1/2) :163 - 167.

TR BN, % . CutZn M Cu0-Zn0-ALO; A4k

gy []. TR REEMR . B AP, 2001,22(2) £ 137 -

138.

(9] ¥IAT, 0 B 7k, 28 ) i . AHITD ¥ 4 i 4 Ak 57) o S Ak 4R 19 7
(). B R AL 24 4, 1993, 14(1) 1106 - 108.

[10] Figueiredo R T, Martinez-Arias A, Lopez G M, et al . Spetroscopic evi-
dence of Cu-Al interactions in Cu-Zn-Al mixed oxide catalysts used in
CO hydrogenation[ J] . Journal of Catalysis, 1998,178(1) :146 — 152.

[11] Lin R C,Yang Y Q, Yuan Z, et al. Promoting effect of ZrO, to catalytic
performance of copper-based catalyst for methanol synthesis[ J] . Journal
of Natural Gas Chemistry,2001,10(4) :308 - 309.

[12] Jung K D, Bell A T.Role of hydrogen spillover in methanol synthesis
over Cu/ZrO,[J] . Journal of Catalysis,2000,193(2) :207 - 223.

(13] BB5EH , AR, B, 45 . 5 4 4 2k A i 700 it i R J G
gt ptFiJ]. Tolk Ak, 1999,6:22 - 26.

[14] Chen H Y, Lin J, Tan K L, et al. Comparative studies of manganes-
doped copper-based catalysts: the promoter effect of Mn on methanol
synthesis[ J] . Applied Surface Science, 1998, 126(3 - 4):323 - 331.
|

(&% 45 )
Y H Y EA BRI BEIEERE , X Ul
REABRBERBARLERERRLEZABR KA ERN AR
Bz

2% 3k

[1] Donlar Corp(Harvey, IL) . Polyaspartic acid as a calcium sulfate and a
barium sulfate inhibitor: US,5116513[ P].1992 - 05 - 26.

[2] Donlar Corp(Harvey, IL) . Polyaspartic acid as a calcium carbonate and
a calcium phosphate inhibitor: US,5152902[ P].1992 - 10 - 06.

[3] Donlar Corp(Bedford Park, IL) . Inhibition of carbon dioxide corrosion of
metals: US, 5607623[ P].1997 - 03 - 04.

(4] T KB, HUIZR, % RRLERMARI]. Nk 2E,2003,
20(4) :397 - 399.

[5] M8, WAL XK, 45 RRLE RS & B BLIE 7 = B 7™
W RH G HERE LT . Tl k 4b B, 2003,23(6) 21 - 22.

[6] Nakato T, Oda K, Yoshitake M, et al . Synthesis and characterization of
poly(aspartic acid) and its derivatives as biodegradable material[J].
JMS-Pure Appl Chem,1999,A36(7/8):949 - 961.

[7] Nalco Chemical Co (Naperville, IL) . Biodegradable modified polyaspar-
tic polymers for corrosion and scale control: US, 6022401 [ P]. 2000 -
02 -08.

[8] Donlar Corp (Bedford Park, IL) . Production of succinimide copolymers
in eyclic carbonate solvent:US,6197897[ P].2001 — 12 - 21.

[9] Donlar Corp (Bedford Park, IL) . Production of polysuccinimide and
derivatives thereof in a sulfur-containing solvent: US, 6005069 [ P].
1999 - 12 - 21.

[ 10]Bayer AG (DE) . Copolymers of polyaspartic acid and polycarboxylic acid
and polyamines: US, 6001956 P].1999 - 12 - 14.



