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JEUEL, S BRERER (KPS ) S5 &, NN-JEFH XTI ( MBA ) S5l , il & 1 £ AR 7K 7] ( CG-WRG ),
KH FTIR. SEM X CG-WRG #47 T RAE, @ RN F LI H LT KPS AliE . MBA i . AA HRIE . m(AA) :

mM(SA) : M(CMC-Na) : M(CG-HA)X CG-WRG W/KA53 | fRAKRE RN, 7 T AR (R pH.

&R B 2R LB R IREE ) X CG-WRG B b 0 #2383 AR SR 5 1 Hh A ibkis S 96 R I 28 2% S e
FTHAKRIORCR . 45588, CG-WRG 1yl 5%/ 4 KPS FIfE 0.25 g. MBA it 0.06 g. HHIEN
65%H) AA FHHE 9.00 g. M(AA) : m(SA) : M(CMC-Na) : mM(CG-HA)=9 : 1 : 1 : 1, TEIZF&MT#I45H CG-WRG
WK R 14 370.1 glg, (R/KMER N 94.1 g/g. CG-WRG 1E 5~60 °CHFELA RLIFAIRAKE R, 1EBPERRE pH=11
IR AT R (228.6 g/g ) W TIRTERREE pH=3 (154.4 g/g ). CG-WRG FHH N 2% ( AEhA R ) iRk
N 55%. HUEAE LT 16 F120 dJ5, CG-WRG HIREMEZE5T 520 10.3%F1 15.8%. CG-WRG FIfRHH 0.05%34
2 0.20%0, & 5 REBRIRKERIEIE 37.1%~58.8%, RICEMLEIKIEN 15.7%~30.4%, H>4 CG-WRG
FHE N 0.20%0, HHEA KR A LR LR T 4.67%. 24 CG-WRG &N 0.05%0}, 1 NO5-N il NH;-N
AR K (7.935 F1 1.529 mg ), Bl CG-WRG WA RN 90% , TR N 2.7 em, K ZHFRECH 486%,
AR CG-WRG WIS K 2E 50 50%, PN 1.0 em,
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Preparation of coal gangue-based water retention
agent for improving saline-alkali soil
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Abstract: Coal gangue-based water-retaining agent (CG-WRG) was prepared using coal gangue-based
humic acid (CG-HA), sodium carboxymethyl cellulose (CMC-Na), sodium alginate (SA), and acrylic acid
(AA) as raw materials, potassium persulfate (KPS) as initiator, and N,N'-methylenebisacrylamide (MBA) as
crosslinking agent, and then characterized by FTIR and SEM. The influence of KPS dosage, MBA dosage,
neutralization degree of AA and M(AA) : m(SA) : m(CMC-Na) : m(CG-HA) on the water absorbency and
water retention of CG-WRG was evaluated through single-factor experiments, followed by exploration on
the environmental adaptability of CG-WRG under different environmental conditions (temperature, pH,
type and mass concentration of metal cations). The water and fertilizer retention effects were further studied
through leaching experiments and water-fertilizer evaporation experiments in saline-alkali soil. The results
showed that under the optimal CG-WRG preparation conditions of KPS dosage 0.25 g, MBA dosage 0.06 g,
65% neutralization AA 9.00 g, and mM(AA) : m(SA) : mM(CMC-Na) : m(CG-HA)=9 : 1 : 1 : 1, the water
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absorbency of CG-WRG reached 370.1 g/g, and the water retention was 94.1 g/g. CG-WRG exhibited good
water retention effects at temperatures ranging from 5 to 60 °C, with a higher water absorbency (228.6 g/g)

in the alkaline environment pH=11 than in the acidic environment pH=3 (154.4 g/g). The water retention of
saline-alkali soil with 2% CG-WRG ( based on the mass of saline-alkali soil ) was 55%. After being buried
in soil for 16 and 20 d, the degradation of CG-WRG was 10.3% and 15.8%, respectively. When the
CG-WRG dosage was increased from 0.05% to 0.20%, the cumulative loss of potassium decreased by
37.1%~58.8%, and the loss of nitrogen decreased by 15.7%~30.4%. When the CG-WRG dosage reached
0.20%, the soil water content increased by 4.67% compared with the control group. When the CG-WRG
dosage was 0.05%, the contents of NO3-N and NH;-N in the soil reached the maximum (7.935 and
1.529 mg). The seedling germination with CG-WRG addition was 90%, and the average root length was
2.7 cm, higher than that with no CG-WRG, which was 50% and 1.0 cm, respectively. In addition, the
germination index of the CG-WRG addition group was 486%.

Key words: water retention agents; coal gangue; saline-alkali soil; leaching; treating waste with waste;
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W By, FWE N 3 mol/L MELFRH T FiE K
pH<1", #&, B0 WEEDE, 7 60 CHR T4
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F11.00 g CG-HA #f# T 50 mL Z£18K . BiJS,
JMA 1.00 g SA F19.00 g HHIE K 65%H) AA, T+
TRZE 40 °C, 2518 Hii% i 0.25 g KPS 5| &7 F10.06 g
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Fig. 1

Schematlc diagram of preparation of CG-WRG
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1.3 HHMRMESHERENIK
13.1 Z#Mkie
FTIR I : KBr FEH72:, P4 4000~1000 em™,
SR dem!, FHHREC32 Ko SEM A FESIWIS:,
A R HF( LEDBE, L hns i & 3.0 kV, UV-Vis
MH: PAFEF A 200~800 nm, % GB/T 32737—2016
M, DASAAR NS e, D s S P =t
RAWOTR & i HHOKIEZE & S5 NOs-N Al NHy-N
&H; ICP-OES M. 1] 5 mg FESHAIA 0.5 mL ¥k
#7116 mol/L (T2, T 60 °C iM% 6 h, FFSAWNK
FEAE 25 mL, R — AU I TEOC R S i =
% GB/T 11904—1989 ),
1.3.2  BRAKFRAKAE RN E
FRECO0.1 g (m;) CG-WRG, & T A 300 mL
EETFRIBEM T, 2 24 h JFHUE, 0B AE
TRMAKSy, WEWRAGEFEMPEE (M), gl R
Pl (1) IRERERRKEER (A, gg) ', BEE
SEG 3k, BWUEAREMAE,
A= (m—my)/m, (1)
1.3.3 BRI RARAS Fom) 2
FRIBCTE 3 W K -8 T 7K 43 i AR K 3R B (s, g )
J B HAE 60 °CHEIR T T fH & HARE(my, g )o
WIEE (2) HEAAFIEKER (R, g/g) 17,
FERIE 3K, BEARTFHE.
R=msy/my (2)
1.3.4  FRAKRF HKFn 2
W — 22 I ) TR R KR (AR KSR o SR AR K
Ao TR R E b, TR D)5 200 ¢
TR RS E, BAEREN 45 em, K
15 cm [ PVC & . & HR AT 300 H )8 B M %
B, o RERARERE (ms, g). K5, HET
EEHEHEARES L, EE TS A Aok
K, KA MIRF IR B, S IREA A KB
AT, FRRESRIRE ATEE (mg, g ) MRS (3)
THE AR R FKR (WH, %) 1)
WH/% = (mg—ms)/ms x 100 (3)
1.3.5 FRAKF B ERE
FREC4 g (my) PRZKFF) (3 emx3 cm ), K5 HHE7E
PRI 10 cm AR -, FHRIBELL, BhE—E
Bf 42T 22 BB GROKR, 28 7oKk, F
50 CTyEzfadE, FRE (m, g) MK (4) 3f
AR FERE (De, %) 120,
Dc/% = (my—my)/my X 100 (4)
1.3.6  4&RAKN T H BRMAEER E
¥ 1 g CG-WRG LA 500 mL Bebfrr, [t
FIA 500 mL KB oK, —E i EE G, B E oK
T, PREOK G RKFIR & SR, g

PR ARSI TR, — ]S B, B ETEK
TV FRORR K S PR R a1 & K
AR R (1) AR K LE WK A8 1
RE TR R RIE, BEWOK G B8R T L6
BT (40 °C), FUGHETT W AR FRRAS T Ay K A%
FE, REME S K.

14 BEERERXE

1.4.1 KR4 &

Pl 1.2.3 Wl TR AR, RS
MBA JH 0 0.06 g. AA FFIEN 65%, M(AA) :
M(SA) : M(CMC-Na) : m(CG-HA)=9:1:1:1, %
25| %5 KPS A4 (0.10, 0.15, 0.20, 0.25. 0.30 g )
X PRI W AR AR 3 R OK A ZE R 5 . #5 BR 1.2.3 749
Wil AR, RS &R KPS &R 0.25 g,
AA FHIE N 65%, M(AA) : m(SA) : mM(CMC-Na) :
M(CG-HA)=9 : 1:1: 1, HEZEF MBA Hl&

(0.02. 0.04. 0.06. 0.08. 0.10 g ) RFAKFI K%
RGO R, I 1.2.3 356l Ik s
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9:1:1:1, B AAHTHE (55%. 60%. 65%.
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PR 1.2.3 Wl AR, PRSI L5 KPS
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65% , % % m(AA) : m(SA) : m(CMC-Na) :
MCG-HA) (/33 8:1:1:1,9:1:1:1,10:
r=1:1,11:1:1:1,12:1:1:1,9:1:1:0
(Z5 1) ) XHRAGRI AR A 2R AR IR A 22 04 52 M)
1.4.2 fRAKRMFEE MR

HEGE R B KB A BRI IR KA
sCTERAR T, RRKIREE —EEEIA 0.1 g fRK
A, EIREELAE 24 he RRPAKFIRKIRAE,
B HWOKAE R, BEORMEREE (5. 10, 20, 30, 40,
50, 60 °C ) XFERIKFIML KA 1 500

B HGE & 2B R E AR, W E R
0.1 mol/L () NaOH ¥ 5 £k F2 1 717 25 25 7K ) pH,
SRIGINA 0.1 g ROKF, ZEZE W T % ERAE 24 h, £
PROKFIM KA, I HW KA 3, %% pH (43
WM 3. 5. 6. 7. 8, 9. 11) XHMEKFIAK AT R
A

IO [A] BV E (0.1,0.3.0.5., 0.7 1 0.9 g/L)
IR A mBE T (KT, Na™. Ca” il Mg™") Sk
TR, A 0.1 g ROk, FE% IR T 2 B AT
24h, FRRKFIRKIAG , W KR, %5
H 5 -2 AR R It o TR 7K SR W K A 3 8 52
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PRAK GG It 4350 R B A E BT LY 00 0.05%
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0.10%. 0.20%, HRZHE4T 3 IREE LK. AT
Jns A PR KR L 150 mg FRE 150 mg FALHT (150 mg
BERR A 4 M 250 ¢ S HIRA NG, EAME
FIRR 2% B T uig 38T 15 g A J<rb Al 250 g Ehms 1/
WA . B IR S+ )2, LL 1S g A
VRN 36 2 A SR AR v R TR SE 56 . ROk
RS, B mIEFE A 200 mL £ &K, #HE
1d, R HHESKSTTRE CREFE T 5
WK AR 7 A o R B Lk R I R K 43 28 R AR
e B FZ A, FH AR 212 N 200 mL 2% 251K Ttk
Btk 3 d EWEEIRE . [FIAEINA 200 mL 2555
TR TR P AT 2 WRikIE, LUS M 3 d #
FFRAESEA TR, R, 36 5 . iR
WWEE S 250 mL P TE A FIE 1.3.1
EER . B, SR, FE, RIS AR
BT 14d )5, REMRBEES LHERZLT AR
[EfAAL E4E, T 110 CHET 2 fEE, MR TG
B E 2, TR EAKR,
1.6 {RAKFILIE/KIBKE SLIE

FREX 250 g 1 10 HfERR+ . — & Bk
FUFIAE MR L, = FHIRAWSEHEIA 250 mL FEAR
o, 08 BRI A 100 mL £8 Tk, FEK
B ATER, KBHET 30 CHEEM T ARE
% 10 d, A (B AH (]S a) (] B N e AR A TR, JF
T MoK 78 kR R, BT R, #lHh
BB £, AR T EIE £ NOs-N Al
NH,-N &, BEARK N+ 5K o FRE R 8 &
KR, SCEA R AR 1 R, HE 8 A4
SEHRZH (C~Cg) 1A HE (Co), FFANALFEL
WE 3 AEELE ., MREIINES SN 0.25 M
0.50 g, fEZKFI R34 0.05%. 0.10%F1 0.20%.

® 1 KA L SE AR

Table 1 Material dosage in water and fertilizer evaporation test

Cl Cz C3 C4 C5 C(, C7 Cg Cg

f#kFmH 0 0 0.05 0.10 0.15 0.20 0.10 0.10 O
/%
TafR s 025 050 0 0 0 0 025 050 0
/g

1.7 RAFIFHLRE

DITT SN FPRE T G2, 38 2 L0 4 A K ik s
PROKFIXTFE DI ET B RN, Hgs Sl o & 25 4E
(G kFom, B8, B 0.1 g PRIk &)
B AESLE A IR, A 50 mL 258 FKIZ i
— Bt g K, 205, B 10 K E SRR T4 e
PRAKFIE T, B0 ORFF 2 RAE Y 0 R PR, 78
100 g B3 TR, BAEELHN 1~2 em, S H

X BRGNP o AR (5) TR ZFFEY
GI/%:MXIOO (5)
B, x B,
X A SR AR ZFR TSR ER K, em; B,
Na HAE R TR, em; Ay S SEER 20 i
THIRZFHR, %; By WEHAMTHEFE, %.
K ZF AR N KR RS AR T BB

2 HRSHE

21 RIEERD
2.1.1 FTIR
K 2 5 CMC-Na. SA. CG-HA. T HA filfx

&R 519 CG-WRG 1Y FTIR 3£ &,

o N

SA

CMC-Na_—

. CG-HA
iEHA
' L
| CG-WRG _
2:"1 ~ /\/

4000 3500 3000 2500 2000 1500 1000
PFBU/em™

12 CMC-Na, SA. CG-HA Fl CG-WRG Iy FTIR i &l
Fig. 2 FTIR spectra of CMC-Na, SA, CG-HA and CG-WRG

M 2 AT LLIE Y, 7E SA By FTIR %K v, 1602
F 1411 em " Ab 16 5 J8 4 R MR %) R Xof R AR %o R
AiPRzh; 1035 cm ' A TENEITJE T C—OH) M {45
3. 7 CG-HA 1Y FTIR &K, 1036 cm ' ibig
A fig Rt S C—O0—C B4 IRSN; 1380 cm!
b e I J T FRAR 285 w3 | S 3 DA R T
C—H SRS, 1590 em ' Ab s 2 ke 1 4 i
C=0 Hiff¥Rshmmtme 1 4r C—N 2 ih4Rsh;
2930 cm ' AbWEITJE T AR IG Wi BE R C—H {h4
PRzh; 3424 em™' Ab WIS JE T AR IR B g A Hh 45 R
SUHEMISE A O—H &8 (LG I FNEE ) 4 {46 3= 3l
FN—H # (FEM B ) Mh4EdRsh. CG-HA
518 HA /) FTIR jSEI A —2, miEREHE S
AT B P TEE, A &R . £ CMC-Na
) FTIR %K, 1345 cm ' AbIGEXT 1 T 4R 48 £ 0> 1
R (O—H) MRS, 1054 cm ' b1 IR
FHHERNTH C—O N MAIsN; 1594 F
1418 cm™' Kb U& T )& TR R AR B9 A X FR FI % FR A 45
P2, 75 CG-WRG Y FTIR 3%, 3457 cm™!
PRI T AA BRA B RNGIREE . SA FEH
R (A AR e sh B & 5 R Y, WETEXE nE I F 2 D)
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il 35 P 2 [) A0 B A S 3000 4 F 9 SRR RO TR B
CG-HA Fll SA BRAF 0 % A T 8% FLBR B8 55 , 1
BT s B AR Y
2.12 SEM

Kl 3 A EAES R4 ) CG-WRG ) SEM [,

K3 CG-WRG TEARIAAEEC T 9 SEM K
Fig. 3 SEM images of CG-WRG at different magnifications

MIE 3 AT LIEH, CG-WRG £ 3 H 2L =4k
ZREEHE , FEATSOR K PR | IS R AT e RO K 4
AEFRRIRIIRA W0 OR T 5 B0 B I Bl PR b B AR E
Pk HOHDRE R s K T H R AL, o MRk
TR | B iE SARYIAR R ) 40 A0 5 IR, X2
K2Ry, MR 25 R EY RN IS0 F 455,
PEF T AWK B, U T3 3SR 2% S = 1 FL PR 2
F, 30N I R SR A KPR T ARG
22 HEIZEIRAFIERERZ N

Kl 4 S50 %50 KPS F& . ACHK5 MBA 4t .
AA HFTE . m(AA) : m(SA) : m(CMC-Na) :
m(CG-HA)X CG-WRG B W 7K A% 3R R K A% R 1)
AN

MIE 4 AT LIEH, 24 KPS &M 0.25 g, MBA
4 0.06 g  AA FHIEEN 65% . M(AA) : M(SA) :
m(CMC-Na) : m(CG-HA) =9 : 1 : 1 : 1 Hf,
CG-WRG myMefgmef, WokAEFn]ik 370.1 g/g, &
KAy 94.1 g/g o Jo Sk BRI I FH 1 2% 14 1 45 1)
CG-WRG,

380
a 95
—— KGR
o 3001 a ki 790 _
E on
= )
ﬁ 340 185
g &
= 80 §
320 | §
75
300 L—1 ' ' L 170

|
0.10 0.15 0.20 0.25 0.30
KPSHI&/g

<1003 -
380
b T IRKAER | 95
KRR
360 |- 490
M 340 o
o &
2 480 §
&
320 1 s
70
300 ' ' ' ’
55 60 65 70 75
150 TIRER A FIBE /%
c —— MEIKfEZR 95
—u— K AR
360 - 190
= )
C 185 2
M 340f o
o &
% 180 %
B 30k =
475
300 ' ' ' ' — 70
N N Y N N
N N N N N
N N N N N
% 9’ N > N2
m(AA) : m(SA) : m(CMC-Na) : m(CG-HA)
380
d o~ WAKFEER ] 95
= KR
_ 360 =490 5
o0 )
2 %
¥ 340 !
o z
% 180 =
=X
320 |
+475
300 : : —=70

1
0.02 0.04 0.06 0.08 0.10
MBAH&/g

Bl 4 KPS HI&E (a), AAHIE (b)), m(AA) : m(SA) :
m(CMC-Na) : m(CG-HA) (c) 1 MBA fl& (d)
Xt CG-WRG F I K AR R A PR K AR 5 14 52 )

Fig. 4 Effects of KPS dosage (a), AA neutralization (b),
M(AA) @ m(SA) : m(CMC-Na) : m(CG-HA) (c)
and MBA dosage (d) on water absorbency and
water retention of CG-WRG

23 RAFIEEWAKMRESHT

[ 5 & CG-WRG H & WK F&1F T B RK A%

MIE 5 AT LLEH, CG-WRG WK A% 2 b 5 W
IRREL I BE I . EE WK 5 Wa, HWKAE
RREE 3031 glg, BHIKRRAKMGR (3701 g/g) K&
KT 18.1%. XK N, Bg b, hTRBA/EH,
PRIKFNAE K & A s BT AN e A s e, Ak s T I
HOKEERE, R BT RRRF R, B, R
WoK-MK A CG-WRG 401 T 2R S iaMt s, #
S RAFAEI S R 2 R A S, T R4



*+ 1004 - # 4w & T FINE CHEMICALS %43 %
[ 24 SR TR, AR FOGEIHR BE (T, K 20T g KO
I, 5340, BRI KUK M T B

W 5 O~ 2
R, S S EOKAE R c - \\\\\+Mw%m

400 # 100 : -
& Ty
¥
300 ®osol o+
> e
# 500 | oL . . . .
£ 200 0.1 0.3 0.5 0.7 0.9
5 &R B F IR EE/(2g/L)
100
Kl 6 pH(a), HEE (b)), &JEHE TR HTTREIKEE (¢ )
oL : . . X CG-WRG WK A% R 1 5 )
1 2 3 4 5 Fig. 6  Effect of pH (a), temperature (b) and type concentration
KRB of metal ions (c) on water absorbency of CG-WRG

K5 CG-WRG MBI K PERE
Fig. 5 Cyclic water absorbency of CG-WRG

2.4 RAKFIFEEES

K60 pH. TR . 4 BH 2 12870 J H. i g vk
JEXT CG-WRG WK A5 2R [R)5 0

MK 6a T LIFE Y, CG-WRG [ KA 32 VW
pH WEHER B &, SO, BetE4F (pH<S) F,
RIRILT Tk (—COOH ) FHIKEHLF 11, FEIMLS
Wi K WoKAS 3R s AR 25 F (pH>9 ) T, i
B Na 5 &R Rl ), H)55—C00 /05
SRR S, BRI A o (H 8RR (1 R 1 B i AT 3
WA BB T, FR MRS , R PR BRI K
FERAE TR A, TERMEIREE pH=11 MUK
K (228.6 g/g) Fr THAMEIREE pH=3 (154.4 g/g ).

N
/N

a

350 [

W
=
(=]

Wk 52 (g/g)
[ ]
3

200

150 "

600

500 +

400 -

WK% 2R (g/g)
B g
(=} (=}

—_
(=3
(=]

EAMRERN, BRG] AR LUK
W Zketk, FEr=A ORI Ve R, AT fof o WK P AR g
MK (EhoK ) PEREAS AR RIRR B p 4R e Y
XFHG, AN S T AR R 2% 1 DR K TR R K A AR
113.7 g/g, W 81K F CG-WRG & W /K fi5 %
(370.1 g/g ), UFSET JE HE il o SV S R 5 3 7 2%
S AR S B R KGRI PR RE O T AR
5 X W K TR 4% B4 10 SR RS

MK 6b TTLAE H, CG-WRG R KA 527 iR B
(5~60 °C) By m A, Hg K A7 R E 1
349~370 g/g, WESE CG-HA 1] LIME5H CG-WRG Wi
PR SR K = SR AT R HLAZ IR R R

ME 6c ATLIE H, CG-WRG M KGR ZEh
VA VB ) TR A AR, BH ST 0 R RE ALY
Mg*>Ca*>Na™>K", XK, FMHEE T (Mg™ .,
Ca™" ) SRR IL/BER I M F2c e, [FIEE, CI 3 m
THWRE TR, BIKTBERZE, LEERMmG
T CG-WRG WK, BT KUK A%,
25 RAKFIFHKRINPEBRSH

K 7a i CG-WRG F & X} 1+ HERR/K AR
7b 3 CG-WRG 7 48 v [ A M 110 0 o 25 24

M 7a WTLLE W, B CG-WRG H & ( 0~4% )
BRI, IR A (35%~T1% ) SR PR e #i,

(=

10 20 30 40 50 60
BRE/C

80 [
o 60
%
4 40
®
.H
20
N 1111
0 1 2 3 4
CG-WRGiHt/%



551 F b, S AT A R ORAKGR 0 e S R R B P g + 1005 *
18 N 140
15 + %D 120 B
< 12t E@ 100 -
¢ & 80r
£ = ol
w 6l ®
B 40t
3t S
20
0 F
. . . ' . 0
0 5 10 15 20
A Ifl/d
K7 CG-WRG HlH X LR KR A5 (a); CG-WRG " 120
1 E 3 b O AR BER  HASE (b) £ 100
Fig. 7 Effect of CG-WRG dosage on water holding capacity g‘j 80 |
of soil (a); Change of degradation rate of CG-WRG B
in soil over time (b) g‘i 601
B 401
— R, FEKR = 50% 1) fR K I BES 2 ek ‘@ sl
A L IEAK I RERRE T, WK A, R
R, i HC A L U D R AR S 1k 43 P, R 2 3 4 5
T 45 7K 28 >70% 1Y PR 7K 570 RE il DR AR i = 52 2% 76 1 L s URES S
ek BACE, Han R AOKFI T E R, RS c
AR AETRE, RWEYRRERK, B, & 20 ¢
I CG-WRG FefEHI BN 2%, BLAHEKHRS 55%, |
Bl BT SR TR AR, e R K i’r
ESonsBIV Z (717 =R e G 107
M 76 ATLLE i, ¥ CG-WRG H¥ 7F 11 sl
4,8, 12, 16 F120 d i, CG-WRG [ %5
BIA 2.1%, 4.4%. 7.6%. 10.3%F1 15.8%. ¥ 0 0 005 010 020
BrB, CG-WRG HYPR i [ fifp 3 202 h T 4 rh ik CG-WRGHIE/%

PR CG-WRG M 4%, T30 SA IRk . b5 ,
FESQCA: W RO AR SE B B AE TR, CG-WRG M 45 119 43
THEFF IR, oAb Loy F AR RS R, MR T
AR, CG-WRG 7] I 25 /134 98 kL 5% B8 X
Ko LA B M R 2 K R e S i A B b ) A2
WEF (W Ca* %) Wil BBOR KRR TR,
CG-WRG 7] L G2 fif BH 25+ Bf R0 A% Ge 7K 5
FEfg e 22, 5 SCER[27) I8 AU B3R W S 41 e R
AR (16 d B3R R 6.41% ) XF L, CG-WRG
I R A e AR
2.6 fRKFIITER R 1 1B BE iR R R M R0

Bl 8 Sy LN S ks . AOCER P K i RNk e
s E K

Z LR A X G 2 A [ E AR S R0 ik
LR P B TR S AR IIBR , SRS T AL
BIOCE TR, MWE 8 iTLIAE H, CG-WRG i#
1 B T A M 5 Yy B SR AR, B R 1 P
JTE (K 8a). A (K 8b) L&, BEMME TIHE
Wi, HACRKE CG-WRG I ib 38 i i $ 5

K18 CG-WRG Hlitxt HHEAE Jp bk sm (a). A (b) T
PR SRR EKR () Y2
Fig. 8 Effect of CG-WRG dosage on potassium loss (a),
nitrogen loss (b), and water content (c) in the soil
fertility leaching test

24 CG-WRG JHHEH 0.05%3 % 0.20%0, Ik
5 WHIICE BRBULERFEIRS 37.1%~58.8%, ZJT
B BIEIE N 15.7%~30.4%, ABTHE+
HERE RS EME . XTIHIN T, CG-WRG 43T HI%
BREFIES -3 e AT, HG ok IR 465 4y 58 3% 1 B fE
HEHh e E R TRIERE &Y, AR
TR, YAEE R (WK sh . BN )
B, CG-WRG "] LA 18 BSR4, FRARTR Ik
A, M EOE A EE R . 24 CG-WRG
R 0.20%H0F, SKZRE S AR T 4.67%
(E 8c). BIAERM A (AT . AHUE)
I P B —38hr (pH ISy ), Be= sk R Hipla) i 5
fEJ1, 1M CG-WRG REAE i T Ehoe 1= HENE I i PR ¢,
NREME A SR SR o R R T AR AR Y



* 1006 * # #m & T FINE CHEMICALS 543 %
TIKE, 15

2.7 RAKFIITER T T K PR & R R OS2 M

Kl 9a 1 b 435 R AS it A R &SR
CG-WRG X} B 4 5 1 /K o e s i s el
9¢ Fil d & CG-WRG HEXT#h ik T 819 NO3-N Hi
NH;-N & [ 50

M 9a Fl b ATLLEH, NiEE&MHT, 25H
AbEL (RIMA CG-WRG ) 4+ 6 £ 17K 4328 & it
KR EBTHEM CG-WRG AbHH ., B H
CG-WRG B IN, 7K 4325 K 01 % f 40 5 a0
(& 9a), 459, CG-WRG e & +
KR aE S, WK ZE WA . TEiE Bl
Jiti il CG-WRG ( & 9a) #AJ& CG-WRG 5 A NEIR
Jiti (& 9b), CG-WRG KN A #RBE W 3 il £5 6% 1
PR R 78 Rk, HBE CG-WRG F & Y34 i
Hl/E AN S . HEImARERE, CG-WRG 7E&;
Bl = B PR KRR 2 B R, R K Ay 2K ki W
WK, FIERMEBK, CG-WRG LR KRR
2, A KR,

100 5 -
o [ zagd J[
X 90 [ 3T mokmisino.0s%
i) B BokAHETR0.10% }
K 80 | BUkRIBniR0.20%
B
& 70 |
Bk
ﬁ 60 |
42 50 -
¥
40 + EH
2 4 6 8 10
A [E)/d
120 rv=mm
[ #4025 g b
I EE0.50 g
e 100 [T #okmsmito.10% N
N [ K FRIEI0.10%+HiRRE0.25 g 1
itz 0 AksRI B0, 10%-+ R 8:0.50 g
K 80 ¥
B
®
Bk 60
i
& 40
¥
20
2 4 6 8
At E]/d
3
C
on
g 2
g
R
T
=1t
4
0 . . . . )
0 0.05 0.10 0.15 0.20
CG-WRGHE/%

o —

0 0.05 0.10 0.15 0.20
CG-WRGHI&/%
K9 A (a) FGEA (b) 4T, CG-WRG HIHxt
b R AR BB B ; CG-WRG X EL
B+ 31 NO3-N (¢) I NH-N (d) & ai5gm
Fig. 9 Effect of CG-WRG dosage on evaporation loss of
water in saline-alkali soil without (a) or with (b)

ammonium nitrate; Effect of CG-WRG dosage on
content of NH;-N (c) and (d) NO3-N (d)

T X R R AT AR, AR B AR
TSR, KT CG-WRG B KGR, S5
CG-WRG 7T W Zs A KA, 30Ky 78 KR
T, AT B A S K 2R T R

M 9c 1 d ATLLEH, FiZd CG-WRG HIm 1
B, Ehms 3 NOs-N Fil NH;-N 74 5 9 %
G BRI TR i, CG-WRG I im A4
BT B3R ONOs-N I NH,-N BUiRBEAE S, 4
CG-WRG 4 0.05%M}, NO3-N F1 NH;-N 75 & ik
PR KA, 43900 7.935 F1 1.529 mg, X T AN
PR FI B 25 U0 BRZH , NO3-N I NH;-N (155 1543 31
BT 31.16%F1 26.26%

2.8 HEYMEFEHIW

& 10 HEHI CG-WRG 2H Fizs 113 %t R4 4 i A
KA TR B[] ) S22 B8 R o

a;. bi—1d; a;. b,—7d; a;. b;—10d; as. by—20d
K10 ZS XYL (a~ay) Fl CG-WRG 41 (bj~bs) A
[ I 18] 7 A R
Fig. 10 Seedling growth test for different days with blank
control group (a;~a,) and CG-WRG (b;~by)

MK 10 ATLAFE L, CG-WRG 401 K #0 ii
FERER N CG-WRG Y% H X K44 . CG-WRG
HIRZERN 90%, WK N 2.7 cm, &3HE,



55 M

EAR I, S T RO KGR A g S e R R A P RE

* 1007 «

H GI{E N 486%. 25 FIXT ML & 2% N 50%, F1
REN 1.0em. —BA A, GI {E>80%HFEY, fK
FILRENE, XFFEZFETLA RN, 4557 %£H,
CG-WRG 7 B A A= A R s oK o P45 i 2 A
RGP RR -

3 #it

PR A rp pr 42 B0 B A R ( CG-HA ) .
CMC-Na. SA Fl AA HJFE, KPS #5|%&%, MBA
KEEHRH, AT PR CG-WRG,

(1) CG-WRG sl &40 KPS H4t
4 0.25g. MBA &4 0.06 g. AA HHIE K 65% .
M(AA) : m(SA) : m(CMC-Na) : m(CG-HA)=9 : 1 :
1:1, fEMAMETHI4E CG-WRG W /KA% 3R 0] 1k
370.1 g/g, PRAKFEHRN 94.1 g/g.

(2) CG-WRG ZEAR[RREE (5~60 °C) TF#E
HRAF PR K R, TECPE PR EE T oK A5 % & T
PEREE. CG-WRG HIE N 2% 3Rk R
55%. ¥ CG-WRG HE7E 1% 16 FM120d J5, H
WA 500 91K 10.3%F 15.8%., 24 CG-WRG &K
0.05%M, NO3-N Fl NH;-N & ik 8 i KAE, 705
4 7.935 fl 1.529 mg.

AR B CG-WRG FE B 55t RO 6, fE
WA SRR R T 5, $E =il 3 5K
CG-WRG Wil & LAERF o8 J5oRE, IR8] T “LUEIR
JE” B Al o R X AR B A K AR — AR 4 B4R
TR RE R

SE k-

[11 ZHU T (##), HAN Y W (#i—1f). Research on high-value
utilization of coal-based solid waste[J]. China Coal (" [E %),
2020, 46(12): 86-94.

[2] ZHAO W B (B4EH), WANG S (£#2), LIU L L (X)), et al.
Effect of biochar amendment on saline-alkaline soil amelioration and
plant growth: A literature review[J]. Chinese Journal of Soil Science
(FHE5E ), 2024, 55(2): 551-561.

[3] GAO F D (H&#), HE J (fiff&), LI M (Zfi), et al. Improving
alfalfa growth through amending alkalized soil with mixture of
desulfurization gypsum and fly ash[J]. Journal of Irrigation and
Drainage (HEIEHEK54R), 2024, 43(4): 59-65.

[4] LIQ (%X, YANG Y B (), LIU J (XIF), et al. Present status
and prospect of fly ash utilization in China[J]. Energy Research and
Management (REURTFFT 55 3E), 2022(1): 29-34.

[5] FENG X G (/Z[i#), WANG H Y (E£i##E), GEF F (4 K), etal.
Research progress and application prospect of high-value utilization
of coal gasification slag[J]. Clean Coal Technology (JfiifHEFIAR),
2023, 29(11): 122-132.

[6] WANG M, LI Y H, ZHANG Y Q, et al. Exploration of the H,0,
oxidation process and characteristic evaluation of humic acids from
two typical lignites[J]. ACS Omega, 2021, 6(37): 24051-24061.

[77 ZHANG Z X, CHEN Q, XU K Y, et al. Selective modifier-assisted
humic acid extraction: Implications for soil quality enhancement[J].
Environmental Science & Technology, 2024, 58(22): 9896-9907.

[8] PENG L G (#4¢%), CHEN S S (%#k#2), CHENG H Q (F2#i4x),

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

et al. Extraction of humic acid from coal gangue[J]. Environmental
Protection of Chemical Industry (fb T3 #), 2023, 43(3): 359-364.
ZHAO ] B (& f&:3%), LUO L ($'1fj), CAO H (). Preparation of
PASP/PAA interpenetrate networks hydrogel and its application in
water retaining agent[J]. Fine Chemicals (K§4ifkT.), 2020, 37(8):
1601-1607, 1635.

LIU L, SAWUT A, ABLIZ S, et al. Ultraviolet-induced
polymerization of superabsorbent composites based on sodium
humate and its urea release behavior[J]. RSC Advances, 2016,
6(103): 101123-101132.

FENG T'Y (B#544), WANG Y Q (13F125), ZANG H Y (JliLF9), et al.
Preparation and properties of humic acid grafted distiller's grains
cellulose-based water-retaining agent[J]. Fine Chemicals (f& 411k T.),
2026, 43(1): 199-211.

YANG M, SHI Y. Categories
manufacturing process and action mechanism of water retaining
agent[J]. Advances in Polymer Technology, 2022, 1: 2211441.
DOSKOCIL L, BURDIKOVA-SZEWIECZKOVA J, ENEV V, et al.
Spectral characterization and comparison of humic acids isolated
from some European lignites[J]. Fuel, 2018, 213: 123-132.

BAKINA L G, DRICHKO V F, ORLOVA N E. Regularities of
extracting humic acids from soils using sodium pyrophosphate
solutions[J]. Eurasian Soil Science, 2017, 50: 210-217.

BOGUTA P, D'ORAZIO V, SENESI N, et al. Insight into the
interaction mechanism of iron ions with soil humic acids. The effect

and application fields and

of the pH and chemical properties of humic acids[J]. Journal of
Environmental Management, 2019, 245: 367-374.
HUI F (25F), GAO L (Fi4k), GAO Z Y (35/i%3%), et al. Effect of
adding weathered coal humic acid on acrylic acid absorbent resin
performance[J]. Journal of Functional Materials (BIRE#TF}), 2020,
51(2): 2144-2149.
RUAN H (Bi¥k). Preparation and properties of humic acid based
hydrogel sustained release material[D]. Xi'an: Shaanxi University of
Science & Technology (BEPURM K2#), 2020.
CAO B (#It), WANG M (Eifi), YANG K J (#¥l%h), et al.
Preparation of P(AA-AM)/SiO, composite water-retaining material
and its application in water-retaining slow-release fertilizer[J].
Transactions of the Chinese Society of Agricultural Engineering (&
b TR, 2020, 36(14): 167-173.
FENG J Y (B2 X), ZHAO M M (X ##), TAN J (i%#), et al.
Effects of a single application of four environmental materials on soil
structure and properties in a coal mining area[J]. Journal of
Agricultural Resources and Environment (M %5 IRBE244R),
2024, 41(1): 72-82.
ZHU J C (RHEJR), ZHONG Y (#h%), WU J (i), et al.
Preparation and properties of corn stover biochar composite hydrogel
materials[J]. Chinese Polymer Bulletin (f74Fifi4R), 2024, 37(7):
944-955.
YANG X R (#% Mt %i). Preparation of sludge-derived humic
acid-based superabsorbent hydrogel and its application in soil as
water-retaining agent[D]. Guangzhou: Guangzhou University (/7
KF), 2023.
MUGHAL A, GILLANI H M S, AHMED S, et al. 3D-printed
polyether-ether ketone/carboxymethyl cellulose scaffolds coated with
Zn-Mn doped mesoporous bioactive glass nanoparticles[J]. Journal of
the Mechanical Behavior of Biomedical Materials, 2024, 156: 106581.
LIU L M (RI3744), CHEN X W (M:2%30), LIANG A Z (%), et al.
Research progress on the mechanisms and influence factors of
colloids and microplastic particles migration in agricultural soils[J].
Plant Nutrition and Fertilizer Science (ff4)75 75 5 MLkl 244R), 2023,
29(9): 1713-1724.
LIU Z Y (XIL&FH), LI Y M (i), HE L Q (B{JE3R). Study on
synthesis and agricultural application of superabsorbent resin base on
humic acid[J]. New Chemical Materials ({k T. 5754158}, 2021,
49(1): 255-258.

(F4% 1111 )



55 MR,

G B E R YK SR b A A g S R RE

s 1111 -

(27]

(28]

[29]

cosmetics[J]. Flavour Fragrance Cosmetics (7 FF#& 41L& i),
2023(4): 66-71.

GUPTA S, CHAKRABORTY A, SEN P. Elucidation of intriguing
methanol-dichloromethane binary solvent mixture: Synergistic effect,
analytical modeling, NMR and photo-induced electron transfer
studies[J]. Journal of Molecular Liquids, 2016, 223: 274-282.

HAO S L (/0 #i), QIU N X (#L4¢2%). Applications of precipitation
separation technologies in handling protein[J]. Cereal & Food
Industry (& 585 Tlk), 2007, 14(1): 20-22.

NICKERSON J L, BAGHALABADI V, DANG Z H, et al. Organic

[30]

[31]

solvent-based protein precipitation for robust proteome purification
ahead of mass spectrometry[J]. Journal of Visualized Experiments,
2022, 180: ¢63503.

CHANG Z G (##ENI), LIU Y T (XEH), PAN L (), et al.
Optimization of preparation process of liposomes co-encapsulating
phytosterol oleate and astaxanthin[J]. China Oils and Fats (H[EiHi
fIg), 2023, 48(6): 108-113, 144.

RAMKAR S, SAH A K, BHUWANE N, ef al. Nano-lipidic carriers
as a tool for drug targeting to the pilosebaceous units[J]. Current
Pharmaceutical Design, 2020, 26(27): 3251-3268.

(k&% 997 )

[13]

[14]

[15]

NGUYEN D K, BACH Q V, KIM B, et al. Synthesis of Cr-doped
Al,O; by Pechini sol-gel method and its application for reversible
thermochromic sensors[J]. Materials Chemistry and Physics, 2019,
223:708-714.

YU C F (F4:3F). Preparation, characterization and photocatalytic
properties of a novel nano-BiVO4[D]. Xinxiang: Henan Normal
University (/7] 9 ITIYE K %%), 2013.

GAO S M (F#[R), QIAO Q A (FviF%&), ZHAO P P (BXH5H%),
et al. Synthesis of different morphologies and structures of nano-
sized BiVO4 by precipitation method[J]. Chinese Journal of
Inorganic Chemistry (EHLIL22244R), 2007, 23(7): 1153-1158.

[16]

[17]

[18]

LIU H H (X¥#K), YUAN L (=JE), LIU J H (XI508), e al
Preparation and thermochromic property of Fe*'-doped Sm;GasO,»
[J]. Chemical Journal of Chinese Universities (75 ZF A fL2A244R),
2019, 40(4): 652-658.

WANG J L (E#EHk), LIAO R (), L1 Y L (ZREA), et al
Structural, morphological and spectral properties of BiVO, nanocrystals
fabricated by a chenmical protocol[J]. Journal of Sichuan University:
Natural Science Edition (PUJI| K2E244: A SRBIARR), 2020, 57(2):
341-347.

SUN Y F, WU C Z, LONG R, et al. Synthetic loosely packed
monoclinic BiVO4 nanoellipsoids with novel multiresponses to
visible light, trace gas and temperature[J]. Chemical Communications,
2009, 30: 4542-4544.

(E8F 1007 ®)

(25]

(26]

(27]

GUO Y N (GRHELR), L1 J C (ZFE4 M), HUI F (EFK), et al
Preparation of humic acid-acrylic acid absorbent resin from weathered
coal by ultrasonic-assisted method[J]. Journal of Functional Materials
(CIRERTED), 2020, 51(4): 4164-4169.

ZHANG X P (3KZ53E), CHANG X (#15%), YANG S J (##1H35), et al.
Effects of water and straw mulching on soil respiration and carbon
balance in summer maize farmland[J]. Journal of Irrigation and
Drainage, 2024, 43(1): 1-8.

LIU Y (XI8), GENG D D (¥kJ}H}), HAN Y S (#i7kJiE), et al
Environment-friendly superabsorbent: Development, property and
application[J]. Chinese Agricultural Science Bulletin (H[E42%iH
), 2022, 38(7): 86-90.

(28]

[29]

[30]

ZHAI C Y (%:7), LUO I M (3&##), LIU C J (XIER), et al.
Effects of long-term manure fertilizer on saline-sodic properties and
stoichiometric ratio of saline-sodic soil in songnen plain[J]. Journal
of Agricultural Science and Technology (" 4V B F4H), 2024,
26(2): 153-161.

XU C Z (#%KME), YU J H (A4:35), L1 Y L (2 i%). Research
progress of pretreatment and comprehensive utilization of
phosphogypsum[J]. Safety and Environmental Engineering (%45
IREE T RE), 2024, 31(1): 260-270.

ZHANG Y F, TIAN X Y, ZHANG Q Y, et al. Hydrochar-embedded
carboxymethyl cellulose-g-poly(acrylic acid) hydrogel as stable soil
water retention and nutrient release agent for plant growth[J]. Journal

of Bioresources and Bioproducts. 2022, 7(2): 116-127.

(k3% 1066 @)

[14]

[15]

[16]

[17]

SHINODA K, MINEGISHI Y, ARAI H. Correlation between melting
points of alkanoic acids and Krafft points of their sodium salts[J].
The Journal of Physical Chemistry, 1976, 80(18): 1987-1988.

DUAN S F, JIANG Y J, GENG T, et al. Wetting, foaming, and
emulsification properties of novel methyltriphenylphosphonium
carboxylate ionic liquid surfactants[J]. Journal of Dispersion Science
and Technology, 2020, 41(1): 47-53.

BAI Y, PU C S, HUANG F F, et al. Effect of the hydroxymethyl
groups of quaternary ammonium salt cationic surfactants on surface
activity and corrosion[J]. Desalination and Water Treatment, 2020,
194: 143-151.

SIMMONS R N. Comparison of transport effects of perfluorinated

and hydrocarbon surfactants on environmental co-contaminants[M].

[18]

[19]

[20]

[21]

East Lansing: Michigan State University, 2011.

JIAO J J, MA C, ZHANG L L, et al. Synthesis and aggregation
behavior of hexameric quaternary ammonium salt surfactant
Tz-6C1,QCIJ]. Polymers, 2023, 15(22): 4396.

DU Y (fh#§), LT T (ZEAR), BAI L (I43), et al. Synthesis and
physicochemical properties of a branched quaternary ammonium salt
trimeric surfactant[J]. Science & Technology in Chemical Industry
(L TRHL), 2023(4): 1-6.

ZHOU L M, JIANG X H, LI Y T, et al. Synthesis and properties of a
novel class of gemini pyridinium surfactants[J]. Langmuir, 2007,
23(23): 11404-11408.

BENHUR A M, DIAZ J, AMIN S. Impact of polyelectrolyte surfactant
interactions on the rheology and wet lubrication performance of
conditioning shampoo[J]. International Journal of Cosmetic Science,
2021, 43(2): 246-253.



