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WE: LEME T LHE (CEC) AN LERICik A Fe i B L3E | S0 T RZRE, FILitZat
PTG AL, BE%M LR R R, LIRS R EN T CEC M7 iktart, =R R o4&
HBRAETRE S, Bl EG, RANEEE), SRR EFRGONAARKSE . 1225 E0EREERK
Ay, XF R A b AR A 45 R AT, T AT ER AR R e A & RARAKE S0%, A vA BRI, KL
2mol/L £ 8 L4 %A pH Zats, A6 CEC M E/AA B ERD, BREFfsri e S T 2 R34 T4 3
AREATEER A, Bidad pHAT WL, F3KRE pHIEE & L3EAH R F A 2mol/L & A AL IS ZIKAR,
ASLIA T R on ey pH AR, SEIL CEC 09 M T . EJRA 097 & ks iRl A5 pH Z it , HRALE 8
ik B R E A 1.02% ~ 3.82%(n=6).

KR MBETRIHT; ZRANNEASLERR,;, SALEX; RAMMNER; pHIA

o)
B

(1) #% pH AL R %0 = R AL R A4 EM 2 CEC E# A0 2 2/ &,

(2) A NaOH iR A4k & pH, HhALGE 67 k&R Tk . b fesit 23E 4 st CEC 69l .
(3) AL T H e CEC i+ AKX, 7 ikt tH R4 2.824(cmol+/kg).

HRESZES: S151.93; 0657.32 X HRFRIZAS: B

O R A R R E R L
SRS RIE | SV pH (HLL AT BLIR 5 it
SRR CEC M EZ R

FH B 1 22 #ft (CEC) J& 15 £ — & pH {8 1}
(pH=7), & T 7 13 v T 5 7 10 458 28 1 PH 5 -+
(K. Na", Ca®", Mg™"\ NH,", AI""45) (i} B /R 40 (3R

fi7: cmol+/kg) L3, RBIFS - W PR B R R
WiH, 3 CEC R /MRFE T T (35105
Sy HCRE, B AR R B R A, R CEC T AR i
T IR RE S AR 05 Ay R bR RE Y
EFR Y, CEC 2 985 300 85 1ok i AR K g
I3 AR A O FE A I T, Sk
I3 B A B o B4R 27 I, CEC iR 7T 5%
WA AL S T 4R S s e T B R
A RO AR dal s W 4 T A LS BR H HE  EE

AR, AN FRER T AT - 20 A0
fEHER X ST 2O % s (XRF), X S 2417 5 7
(XRD) 5 +4erh iy CEC L1213 | 2 5
2 JE = SRR M 1 Kb 3 BH B A H i R
A4 R BB I 5E Y(NY/T 295—1995, 2 1 i 52 #e
B0 CRIERI 55 5 3585 A KM 5 H B FacHu i
9 5E Y (NY/T 1121.5—2006, 7 B2 55 32 # 5:) Fil
(EHERH B T2 e i i e — AL S B A HHR -0
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— B IR L P B S e R R T UL R
[l bR 7 YR AT B ) L, iz A, (R PRl 7
Dot BRI R B O T A, SRR B FERTK
TAERR R LIS Xt i R S AT B
S L1 ST o P R B R B, 7 ik
(1) 2 Gt 15 2 PN 28 FE 0K, 75 B R At 1) & B TR
J A, IR 2 HL R E R 20 fil AR
it BRI F e Z 2Rl . SE5N ORIk
RS Al b, AN E AL TP, B 4E
AR Y RO, R R T A
B AR, S FIE R RN, TN AR e 4, A=
SIS E A B AR IR TE Hh 7 kS F A 3R R
bR B Y L, DLz 7 vk A i A E b B AR oE )
GBWO07416a(pH=4.71), GBW07458(pH=6.14), GBW
07414a(pH=8.18) il GBW07459(pH=8.61) i’} , CEC
4 N 22 43 BN 9.9x107%, 5.4x1072, 1.5x107% Fil
1.9x10*mol/kg, PERAXI A 13 CEC B ERURLS,
Xt 1 CEC R e 2 . ThR
i F =SS & A A A 2 ) 3 CEC & & 21k
2 pH SMRA B R g |22
(RS g e =S & 54805
$e-73 eI vk ) (HY 889—2017) AR I kil T
- 38 BH B T A S B I o AR RS AE S B A
W w43 B2 A 1 D7 IR 6 BB 1) GBWO07412 ~
GBWO07417, GBW07414a il GBW07460 L 8 F[E 5
A UEFRAEY) OGN Hoh CEC &2, 5280 v & B3
FRUEDI BT CEC T2 (B AE bR RS R PN, H A 358
SR HER) L) CEC DU & (8 bbb {80 AT 50% o
JR LGRS SRR 22 kM A
(1) = AN B A B VR I AN BB KL DU T A 25 AR - 4
CEC., T AR RM], R pH JE e 45 AL e i 1)
o R 2 220 uTSE Y pH LA e Y
JiE 1200 AR SCER R LB AL, @ L NaOH ¥
T pH, XA I =SS E AR LR B T CEC i

F 1 ARAEVIBAISERR R AL RN B

Table 1 pH and CEC in reference materials and samples.

FEHEATORA, PR AN RO 1 e S i) pH 835 4ot
T2, BB AN ] pH {ELRE & 19 NaOH ¥ UM AR TR, 58
65 A PV R, 4 5 vk i R JE RORS 4R T
KA FERE S CEC URIIIREE

1 LR
1.1 A

P GBW07412 ~ GBW07417, GBWO07414a
H1 GBWO07460 I 8 it € 5 A AR EY) 51, T o B
B S FIASTR] CEC 7% f 06 B2, 3 4R S B - 438 iy
g T A3, HETRERE 2 200 H, ¥R, bR
YR SEBRRE SRR E B LR 1
1.2 {3 2]

MO SRS ] W46 BT (T9CS, Jb a4
AU A R TTE A FD . TR R R 0.001g
F10.01g(MS105DU, % [# Mettler Toledo 23 7). fH
VAR 7 5 3540 (HZQ-X100, i 4 1% 35 52 3 15 4545 FR
ANl BOAL: LA 4 4 100mL B0 T A AR S
L (TD6M, AT g AL 5L L A BR A 7). JE e b L
# 1.7mm(10 H). pH i1 (PHS-3E, b5 ii 1% A%
BHEA R AT

=SS B A [Co(NH,)CL]: 41 FF 99%, #
& 25/ (W A A sERAE AR A PR WD)

AN A B EE W WRE R c[Co(NH5)Cls]=
1.66cmol/L, Bt il 77 v HERIFREL 4.458g = SN A
Ah, UK AEZS 2 1000mL, B il i (v IR 7E 4°C ik
TR

AN LA, 500/ (18 A [ 25 4R H ik
WA R AR

AE AR W (2mol/L): TERAFRIL 8g E A fb4N
BT KA, EAE 100mL.

1.3 PR
1.3.1 R A A I
HERRFREL 3.5 BESL T 100mL B0 . A

b oH ff CEC e B TR R o ff CEC bRl
(cmol+/kg) (cmol+/kg)

GBWO07412 6.8 16.0+£2.1 GBWO07414a 8.18 17.0£1.0
GBW07413 8.15 13.0+1.1 GBW07460 8.5 9.6+1.3
GBWO07414 8.18 22.4+1.7 Fedm 1 6.23 —
GBW07415 6.08 19.6+2.2 i 2 7.80 —
GBWO07416 471 11.2£1.5 e 3 5.51 —
GBWO07417 6.8 6.0+0.5
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50.0mL — AL E A AW, TR I 55 5 TR
vies b, P % R 260r/min, 75 20£2°C 18 T
¥ 60+5min, IR 37 B th OjFr HIERAERIR G YL T
BRI, PR S LA 4000r/min B0 10min, b5
TE 24h WSERLLL A5 .
1.3.2 AR ZR A s T bR T4

TEVEAT FL s, B AR A HLBTAE 475nm b
2345 W, AT S M CEC By I 52 45 5 . A [ i DA
380nm Ak F I BEARAL IERE S TP LB T, %
FEAHAE 475nm 1 380nm Ab i 8 iy 75 114 I S JEE 43 51)
RA R Ay, W R OE TR RE A R OG B (4) M
A=1.0254,-0.2054,(% % HJ 889—2017), A5
FE S R IR RE 5 R | M1 S IR G o

e 1 9 B 43 910k 0. 0.166., 0.498. 0.830, 1.16
1 1.49(cmol+/kg) 1Y 6 Fh =S L N B A br i 251
W, VK S, 43 5ITE 475nm., 380nm A0 &
JEBE, D= AN E A B WV B (cmol+/kg) A
B ARAR, DA WO RE A bR, S bRt .

Fie 1R 55 o o il 288 100 5 A ) 1) 25 R IE A 7 U
25 FHRFE R E S 53T o
1.3.3 CEC @4 it

FESL ) CEC #I8A L (1) 7T
(Ag—A)xV X3

bXmXwyy

A . CEC Ol - 484 5 BH B8 F 28 # & (cmol+/kg);
Ay A7 FIREEIROCRE s A AR Y B Bl 1E WO
Vo MRARRAARFR (mL); 3 S8 [Co(NH,) > Y HEL T 4%
b R FRUE BB m N BURE & (2); wam M 3R
T (%)

CEC = (1)

2 HiR5iie
2.1 FESHAE pH BYUEY
2.1.1 AW pH X CEC I5E 45 5 1 S ma WL FE

DL HT 889—2017 A A 52 5 i 8 (1.3.1 719)
I3 M1 BEST GBWO07412 ~ GBW07415. GBWO07460.
& 2 MR 25 S 2 W R P -+ BERR AR Y CEC U 22 i i
1%, 2 RA AR R 1 50% 2247, Btk bR pe
CEC & 45 AR, [CA A BB ERRFE CEC W&
2 SRAERREETE RN, X SR ARG 228
SRR e T R HE (—OH) Ay 85 32 B4\ it pH
(RISEI, 4 1 pH AR, HY & 0K, 48— &L
b e LN o TP NN R AL S Y A< VA
B [Co(NHy) P A #t, BHES TAcHu R RRAR 1222720
DAL, 0 A VA pH & MR

2.1.2 K pH I TRSCR

%} GBW07412 ~ GBW07415, GBW07460 3t 5
il + AR AER BT, 43 BIFREL 3.5 A 5 T 100mL 250>
B A S0mL =SS RS A, 7R AR
HFUIA 0.004g S48 A0 A A SB0RE, 32 7% #% 260 r/min
P& 1h, B0 10min, 700G EETHIN G | 31538 CEC %
AR ILEE 20 ST pH ETARLL, Y pH S Y
CEC A T W1 k%, BRTERE S W CEC I
A B R, A S G SR AR (Y L,
BIXANIA] pH () 3R 5247 CEC IR, ¥ pH
AT Z R AR T I A AR M

S IFREL GBW07413, GBW07415, GBW07416,
GBWO07417 Fil GBW07460 4% 3.5g, il A 50mL = %%
TS A SR (pH=6.28), 1 260r/min F &% 1h,
PL 2mol/L & 8 AL 48 ¥ W R pH I 19 W, BRI A
SOuL JFIHE W pH, 23] pH T Zk . & 1 255
FEPH, BEE A 2mol/L & 48 AL B AR BRI
FWARZR pH 20 1 THE Wi g R, ik
Z pH k3| 11 Tt pH {E#a T F 2%, BRIMEIR R pH
A% 9 BT A pH {E T 22, 7l DL 5K pH=11

2 WEVIRE pH . FRE R AR pH 2 FF T CEC 9
Wz Es R

Table2 The pH, standard values of national reference

materials and the determination results of CEC at

different pH.

W pHRET P pH S CEC

Bt 5 . . H
e CEC i CECIEM  frdef *f;ﬁ (i
(cmol+/kg) (cmol+/kg)  (cmol+/kg) PRIEIR
GBWO07412 8.6 18.4 16.0+2.1 6.80
GBWO07413 55 8.2 13.0£1.1 8.15
GBW07414 19.1 234 22.4+1.7 8.18
GBWO07415 9.8 16.0 19.642.2 6.08
GBW07460 6.9 7.7 9.6£1.3 8.50
13
12
1t
10
= O
[=9 8 L
—— GBW07413
7 GBW07415
6l GBW07416
GBW07417
St —— GBW07460
4 .
1 2 3 4 5
PETTREL

BT FESHIA pH I WBCR
Fig. 1 The adjustment effect of pH in sample solution.
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1 pH=9 1 AP (A 22 AR PR 2R AR 285, IR
IR S R VR TR A BB A gl i, B CEC
S 2 1] AR Z0 0
2.1.3 SN R R

TEMERGFREL 3.5g RO RTIR T, iR T AR
pH A Y - HE 1Y S E L BN WA &, il R &R pH
P PN, A BIFEANTR] pH Y 4R
JIA 2mol/L S AL AN WA (3% 3), DAL 7 R
HIRE %) pH B, SEBI CEC M UERRINE o 85 FE
pH J& , ATAEAS AR 7 i A S 30 A5 R I SE Al 58 38
D5 38 TS, 45 050 ik B VE R B FIAS 2% 132, A Rl
PEFF AL AL SRR

3 AR pH EREE R, 2mol/L FAILIITEH =
Table 3 Dosage of 2mol/L NaOH solution under different soil

pH ranges.
JEREh pH {3 HUH 2mol/L S R AL
PR R FR (mL)
e 0.35
>0 0.25
67 0.20
~7 0.15

AR AR pH.(EAAJE it A ARG, T
55 pH ERIE, LUCRIE T . DR
7 T K WML T+ B CEC Ko
BE, SBREFRE (L BRE R SR
22 FIERALEI CEC 1513

IS (1) g S R B T IR B
o BP0 gy - bt ol B TR B, A
SCFFHIS HHE P4 b I OB A 5
b 7 0 PR B A s M, IR AT b=1/k, T LA
(o= 4) X VX3 kAT IE 1 5 W 52 L 0
otk EATTFE 1L AR B A S A
RIS pHL B A3 A Na', S TR
BT PR RE G 0.2xV), TEMEATEE RT3
BT LB . I, BSOS CEC T2
ACHE IR SR 1L, B CEC RIS () 45
HH

CEC = (A)—A)-V-3-k-0.2V,

nm-wWam
b CEC Jy 38R 5 B9 BH S 38 i (cmol+/kg);
Ay N2 FRFEWOGEE ; 4 R e 6 B sl A% 1
i VR R IR (mL); 3 K [Co(NH,)e]* 4 H i
512 —

(2)

B m NEURERE (2); waw N EIHERES TYIR & 2 (%);
k R 475nm BIARAET LRSS V, 24 2mol/L H 4R
SR BATR (mL).
2.3 nifEdhgk. J5EEK I BRAIE R

ZH13.2 WHARMEI IR IE, K IS, 1
475nm A0 I GRE, L= SAk S A T TR 1 T
B (cmol+/kg) MAAE KR, DL R O BE A B AL e,
ST AR AERIZR C=1.64745%x4-0.02862, £k PEAH X% &
£ r=0.9996, LMK FR RAf.

Foe R CESE NI A3 B 5 s ERME T TR S0 )
(HJ 168—2010) Bff 55 A.1.2 43366 BE 32 - A 7 ARG I st
S VLI B K B AR I, WAE A i A 2
(T AR 2 FIES 5 0.01 MO EE AN R 43k
FEME R IR 0 AR

MDL = 0.01/b =0.01/0.607 = 0.0165(cmol + /kg)

o b AbRHEIZERER

MR 3.5g, IR EEW R S0mL B, J5 ik i
PR 0.706(cmol+/kg) . Lk 4 5 7346 i BR Rl
B U A FRE R 0.706x4=2.824(cmol+/kg).
X7k HI 889—2017 AT ALIS, At BRI 2 T
RIS BT
2.4 JIENEEERE. WEWRPE K SRR IR

P GBW07412 ~ GBW07417, GBWO07414a
H1 GBWO07460 I 8 Fift [ 2 A UEFR HEA) B 2E4 T HER E
FIUAE 255 B I, [) AF e B 3 RS2 B - AR i, S 18
3 BUFMAFUINA 2mol/L F &AL W, 470
6 UK, MIELE LK 4, 8 FibruEd) it CEC I 5E 4%
FEARTEAREE AR 2 BEYE NN, UL HERA BELT, FRYE
FrRufED) BLf) CEC I 5E 245 SR A AR AHT A B & 32 5 .
RSD i [l 4 1.02% ~ 3.82%(n=6), J7 B %5 B 1 i
WM ELR S 3 PFSEPR A SJRE fh To6 55 R PE AR i A
BRPERE A, CEC A B BB L, 6 I AT 14,
UL S B 3 B 7 i T 4

3 g5

AR SCLL 2mol/L A AL H IR TV pHL BE S B
CEC W& i A7 S0 2 58 /57, MM R IA A ot ) 45
F53 7] 3K B AR A N0 LN . SR pH IR pH
FFLL pH FSE N 45, 20 pH A 2k, 13
FIFEARR] pH Y5 FIH 58 S oA 2mol/L & Ak
TR, DAL AR ERE Y pH 1, IEH T
FR M. v A 1 HEAE 5L ) CEC PN, fLAbE
UG B RIORS % B A T4 o, A R T T R


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%3 R, A SRR ERRNENE L3 R AR AT IA A o543 4

FER BRI . AN, FE ] =SS G AL I, R G IR 258 7K 2 (R il OB B2 R A,
I 5E -3 CEC BRI R, A A FRmuE MM eBot5 iy CEC 45 R 0w K.

F4 TrIRMEREE AR B SR AR

Table 4 Precision and accuracy tests of the method.

. CEC Frifif CEC Hyk i {8 CEC il V- ¥{H RSD
BRI 2 A
(cmol+/kg) (cmol+/kg) (cmol+/kg) (%)
163 166 157
GBW07412 16.0£2.1 16.2 2.09

16.5 16.1 15.9

10.7 11.0 10.6

{O+1. . .
GBW07413 13.0<1.1 1.0 114 107 10.9 2.81

21.1 21.2 21.1

Ax]. . .
GBW07414 22.4+1.7 215 214 216 21.3 1.02

17.0 17.3 17.3

L6+2. . .
GBW07415 19.6+£2.2 172 175 174 17.3 1.06

11.4 10.6 11.4

241 . .
GBW07416 11.2£1.5 119 114 112 11.3 3.82

6.5 6.5 6.5

.0+0. . .
GBW07417 6.0+0.5 6.4 6.2 6.5 6.4 1.61

17.0 15.2 16.0

LO+1. . .
GBW07414a 17.0£1.0 162 157 163 16.1 3.82

7.6 7.7 7.6

.6+1. . .
GBW07460 9.6£1.3 75 74 75 7.6 1.32

119 116 117
i 1 — ) .
" 16 119 113 17 1.93

26 231 225
2 — ) .
" 21 26 223 225 150

8.8 8.4 8.2
3 — . X
iTe] 3.6 3 3 8.4 3.01

Optimization of Cation Exchange Capacity Determination in Soil by
Hexamminecobalt Trichloride Method

ZHANG Lei', WANG Lei', JIA Zhengxun®, FAN Xingtao', GUO Lin""
(1. National Research Center for Geoanalysis, Beijing 100037, China;
2. Hubei Geological Research Laboratory, Wuhan 430034, China)

HIGHLIGHTS

(1) The pH of the sample is the main reason that affects the accuracy of CEC determination by hexamminecobalt
trichloride method.

(2) Using NaOH solution to adjust pH, the optimized method can accurately determine CEC of samples with
different pH values.

(3) The calculation formula of CEC in the sample was optimized, and the detection limit of the method was
2.824(cmol+/kg).
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ABSTRACT: Compared with the traditional ammonium acetate exchange method and calcium acetate exchange
method to determine cation exchange capacity (CEC), hexamminecobalt trichloride method has obvious advantages
in the analysis of large quantities of samples. However, the application scope of this method is limited, and the
detection results of neutral and alkaline samples are good, but the detection results of acidic samples are as low as
50%. In order to solve these problems, the pH was adjusted to alkaline with 2mol/L sodium hydroxide solution, the
CEC value of the sample was significantly improved, and the determination results of both acidic and alkaline
samples reached the range of standard values. By drawing the pH adjustment curve, the volume of 2mol/L sodium
hydroxide solution was obtained in soil samples with different pH ranges, so as to adjust the pH value of unknown
samples and realize the accurate determination of CEC. On the basis of the original method, the pH of the sample
was adjusted to alkalinity, and the precision of the optimized method ranged from 1.02% to 3.82% (n=6). After
optimization, the application scope of the method is expanded, the precision and accuracy are improved, and the
detection efficiency of a large number of samples is effectively improved.

KEY WORDS: cation-exchange capacity; extraction of hexamminecobalt trichloride ; spectrophotometry; NaOH

solution; pH value
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