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Determination of acetic acid in the biogas slurry by a colorimetric method

XUE Chao—you', QIU Ling’, GUO Qiao', XUE Quan—hong"

(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. College of Mechanical and
Electronic Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: The study was conducted to develop a sensitive and accurate method for determination of acetic acid in the biogas slurry. The
colorless transparent liquid by sedimentation, decoloring and filtering operations on biogas slurry was prepared. On the basis of spectrometry
feature of the red reaction product of acetic acid with FeCl; solution, we studied the feasibility and accuracy of the colorimetry method for the
determination of acetic acid in the biogas slurry. The results showed that the precipitation treatment could lead to a deviation value of acetic
acid concentration, since precipitant could adsorb acetic acid. The minus deviation remained unchanging when the dosage of precipitant was
constant, which could be used to adjust the measurement of acetic acid concentration. The activated carbon had no impact on the
measurement of acetic acid concentration if the time of adsorption was controlled within 10 min. When reacted with 100.0 g« L' FeCls, the
absorbance of reaction product acetic iron compound at 550 nm was basically unchanged within 3.0~6.0 h, the relative deviation was +5%;
After pretreatment of biogas slurry, the average recovery ratio in treatment fluids was 97.52% (RSD was 1.44%, n=5). This method was
sensitive and accurate, which could be used as a conventional method of determining acetic acid in the biogas slurry.
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YA R (4 R )5 3 A F AT DL YR LR
I E AT TERGE o BESER T, R FeCl 5 £
TR 1) . €8 50 RE A8 Y A 0 7 2 2 R AR &R P R Y
Y HZ IR RETS TR R L BR B e I E 1 AN
WA . ASCH SARTT T CRY FeCl H 815 TR K
R DN S IS AR R el AR B v R AT B
ZMF, BAER R SR 5 P A — Rl i bRis
8 R T 15

1 MBETE

1.1 iXFI 58

W7 < 35 PS¢ 5 1.0 mol - L' NaOH ¥ 5 100.0 g -
L™ FeCl 2457 ;0.175 0.,0.350 0,0.525 0 mol - L™ b7
LRGSR 5 B R AR TR

A W T Ak PR 2 G 0 BE R - DTTE R B NasPO, A
CaCL, PAFIA WAL, , =38 SOV TP Ul R 25 e 4%, AT
LR Eb 2R T FIEE SR BB 7, BB (o V2 3ok 19 VR VR P 22 5 v
T PR e o SN TR CaClL Al NasPO, 1 BE 7R
F SR 322, WL UE R e 0 B K EL B, LA A5 B8 R BRI
A3 BT 4 NasPO, - 12H,0 150.0 g, 4K 21 L, FREUE
7K CaCl, 65.1 g, NatiZK 2 1 L, B r7 , i F k% 1: 1
A (PRFR LE ) RN A FR A BV IR AT B AT

XA pH 5 721 30006
1.2 Ak
1.2.1 TR AL FE

MIEA R O FE S IR F2 5 e i
1 h; B 200 mL B3 T =AM, 40510 A 25 mL
150 g+ L' Na;PO,+ 12H,0 % 125 mL 65.1 g+ L' CaCl,
W, T FEAT U R EA 250 mL, i S ming [7]
TR L g TGP TR 34557, 5 min J5 57 Bk g
1.2.2 PLIEFRIXF 2 BRI 22 A 52

TR 5 A R B A RIURE , 52 ) L 420 5 25
T L HUIE LR 2 (B HARTIEFERT K WO 25, A
75 1k LT NasPO, 518 1T CaClL 728 T3 I8 P SO A B HE
FTAR K P BERE5 AR TTE A, % T UTERICR | fig
TR AV R R L AR DTUE DX R A W AR, 323
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CTRIME R AT , 75 6T 202 I 235 R A A I

8 TR 615 UG 1) %o 2 T VR At P9 D < IR BB 5 mL
0.175 0 mol - L™ ZRFRMEV M T 150 mL BadrHr, il 1
mol - L™ NaOH ¥4 pH 2 7.0, 4% 1: 1 Fblim A 1.1 735
FILH A TITE R 0.5(2.542.5) . 10(5+5) . 15(7.5+7.5)
mL, FE4MEA) s FH B UUIE 0.5.15.30.60 min, $& 5] )5
FH s 8 43 8 S0 mL 2 R, A i Al KO e
PR UEAC S IR AR EUTTE Y ik B (R B8 SR A
ZXE ;A2 mL 100.0 g- L™ FeCl & &5, i 1 mol -
L™ NaOH 45 pH £ 3.0, F4li/K % 225 50 mL, FE 0%
A7, (25+2)°C A5 1.5 h J5 7E 550 nm P 00 5 HK '
fH.

AN T] 2 T e FEE I WL ) 6 2 i R o g 000 5 - 43
S B S mL & ¥ 0.175 0.0.350 0.,0.525 0 mol - L' Z,
P AR HE VA W, ] 1 mol - L NaOH 3875 pH % 7.0, A
L1 R A DR L 5(2.5+2.5) mL, AR AT
FRHEDIVE 10 min i A HP 3 84T U8 2 50 mL 25 5,
J St | LA Ty TR 5 BRI S T UE SR 2 R 1) W
I AR . 25 ARSI A DivE ), H
b Ak By R W A A s AR T E SR
SE4A AR

WA TUTERINT LR A ACAA (mg-mL™)=

B-A)xV,
L (1)
2 A UTTE R W 5 2R T A 254 1 R Bk C=
ACAA x YR T4 BROTTE ) H (2)
oAb P
A VIER 5 R 1 T 23 AC=
JCULHE ] LR bk — IULTER LR 00,
TCUTHER LR it
(3)

XD B LAY SR AU I 2 BT )R i 2
MR W S, mg - mL™"5 V...V, 50 B8 SRR UTYE RIVE R G 1
AR RRFS0 mL) A URE R IA & (5 mL) .
1.2.3 35 2 ot € 55 X6k 2 Bl 5 118 5 i)

TUVE I AL 35 04 T8 WA B, 52 ) B 6000 2 45
F T AR SCRATE M e Ry B8 €0 R A T Ab B

T3 M 2 XoT T VR I ) D0 < MBS mIL 0.175 0
mol - L' L FR AR UEVS W, FH 1 mol - L™ NaOH 3 5 pH 2
7.0 90 0.0.1,0.2.0.3 g & PE B, FE0IR 50  7E
BRI €505, 15,30, 60 min J5 JH F 3 08 4% 3 36 % 50
mL 28, G B kS 1.2.2 797 o iR
TUUE X 2 T R o S 1 0 ™ i A T
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AN ) 20 TR M 3 15 P e ISR 6700 %o 2 T o+ 7
M5 - BCS mL R 0.175 0,0.350 0,0.525 0 mol - L' &
R PR VEVE W, T 1 mol - L' NaOH 1845 pH % 7.0, Il A
0.2 gifitEm , FE4MR AT, W BB €2 10 min J5 FH s
oty = 50 mLAE R, JF2L i e ik 5 1.2.2
Hh T R B T UE I L 1R W B S I O I AR D
25 PR HE SR AN Jin B €2 551 &1 , Al Ak 3475305 e W S {0
S 55 IR B AR o8 A ]

1.2.4 & R [a] (1 BE

WHC0.5.10.15.20.25 mL 1.2.1 35 Hr it iE - i £
oA B TR IR T, FH 1.0 mol - L' NaOH ##77 i {2
W pH £ 7.0, /12 mL 100.0 g- L™ FeCly & (451, F 1.0
mol - L' NaOH 875 & 4% pH % 3.0, F 4l /K & 25 50
mL, (25+2)°C {4, 1.5.3.0.6.0 h B} 7E K 550 nm 4b
I LW AR, 22 T AS Ti) S8 8 st [i) B VR R AR 5 TR
Hh L RRRAL G IO AR L 26
1.2.5 CIRER B brifEf Ze iz il

W2 B 0.175 0 mol - L' Z TR FRUEWL 0.2.4.6.8.10
mL F 50 mL 2 ® L, il 100.0 g+ L' FeCls i 8,57 2
mL, F 1.0 mol - ™" NaOH #7743 pH 2 3.0, Ji 4l
KAEZZE 50 mL, (25+2)°C (% 3.0 h, 7 550 nm 4
EHWGAE , 2 e ph £ 113 QRS 5 LRk
WAL 1] G R 1 [l Ay i
1.2.6 HEH LRI E

WZHC10 mL 1.2.1 15 T 3 — Mot €2 351 Ak 24 1) 7R W
JEWT 50 mL 25 L, i 2 mL 100.0 g- L' FeCl, i {4
1, FH 1.0 mol- L' NaOH #8472 3% pH 22 3.0, FH 2 B
FIKEARZE S0 mL, (25+2)°CE 3.0 h, 7£ 550 nm |
I FLR AR, AR L e bn i BRI R Y
P, AL IR C BIAHR R h SRR A SE bR i [
D ¥ VR W I R DT — I 0 Ak 3 0 o e T -
A3 €2 A P R o Sk €259 R 45 LG B pH TR
LRI E AR

XV,
M=-""e 4
vt (4)

K (D) MBBH TR 5, mg-mL " 5¢ R A
TR, mg-mL™ s C NI IE REL, AEA T irp
fH 0 0.62 mg - mL™"; Vi Vo o3 5l ok b AR | B G )
T TR A DS AR TR A 5 Va2 10 mL
1.2.7 VR 2R DY g 43

W HL0.2.4.6.8.10 mL 0.175 0 mol - L' Z TR bR i
VST 50 mL 25 505 43 B S mL V8 W8 W % 2
mL 100.0 g- L™ FeCL & 45, ] 1.0 mol- L™ NaOH 75
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pH 2 3.0, HEB F/KER R 50 mL, /MRS G B4
3 h, 7EPE A 550 nm T I HIROGAE , #L40E Hb EpR i
LITRIRW D R i, IR R P 3e i 5 5
W T LR AE VR IR AR 22 P i Il %

2 HRESH

2.1 LTI Z BRI ZE B9 5
21,1 WLYE I T 2 PR W B S 149 55 i

22 1 AT, 21 A U0 0T 2 T R Wz B 30 2
AR, PLTER AR 5,10, 15 mL I, FTHE 5 min, JTHE
FIXF TR R 5 35 2 P57 , 76 5~60 min P JA-- 17 B
6] N, % 0L 2 R AL W vk B AR AR AR /DN, AR S 2R 8K
CV 23 9°h 1.21% . 1.05% . 2.38% , 3¢ W 7E [7] — W [} 71
FH LR, S o [R) X 2, R Ak vk 3 1 S i) AN K5 B 4
TUBE T FHEERE N, TUBE AT 20 AW B R 18 . e
FIF A 5.10.15 mL B, 28R & b e 4 AR it
T RE 43550 e CIEL £71 O 22 ) 25.5% .33.7% 41.8% ,
RIS A AR 1 VR s v L R B T R RbE
T AR 235 [ ZFRINME ™ A B i 25, DOTE R AR,
TAmZER K . LEMLHE BT, DTIE RN LR il
I FFHE A R, AR X 2 TR G o AR 0 4 A 1
AT LT o3 T TR T4 B s 350 35 ) X600 14 S
2.1.2 2R XHITTE 79 W B 2 R 1 5

FH 2% 2 T, 24 05 A — g s, DT
BRI W B e AN 7 SRR BE RS o 24 2, R W B R IR
4 1.05.2.10.3.16 mg- mL I, LA 5 mL 4 &3
R G W2 W B /> 5 43 5 0.24.0.26.,0.24 mg -
mL™", E M 0.25 mg-mL™ 5 2 G TLIE R (19 £ R W B
(ACAA) ¥ (1) 115, 4 2.40.2.60.2.40 mg-mL.", ¥
BN 2.47 mg-mL™ s FULIFE 1.2, ik b Ay
TR TR TR FR R e B 9 R OO0 R B 2 R

F1 AEMEFAE TRER ZBIRE (ng-mL™)
Table 1 The concentration of acetic acid under different

precipitation treatments (mg+mL™")

A} [] Precipitation time OmL  5mlL  10mL 15mL
0 min 098 0.8l 078 071
5 min 099 072 065 055
15 min 097 073 065 058
30 min 095 073 064 057
60 min 098 075 065 058
CVss0minl % 1.58 1.21 1.05 238
Xs60min 0.98 0.73 0.65 0.57
DUERI SN 228 ACs w0l o — -255 =337 -41.8
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Figure 1 The absorbance of ferric acetate treated with different amount of precipitant

R2 AEIZCERETHETUENX ZBEEI KM E(ACAA)

Table 2 The ACAA(Adsorption capacity of acetic acid) of precipitant under different acetic acid concentrations

LR Acetic acid concentration/mg - mL" ACAA/  HIXHI223 Relative FEIE K Compensation
W% T Before adsorption(B) WK J5 After adsorption(4) B-A mg-mL” deviation(AC)/% coefficient(C)/mg-mL"
1.05 0.81 0.24 2.40 -229 0.60
2.10 1.84 0.26 2.60 -124 0.65
3.16 2.92 0.24 2.40 -7.6 0.60
X 0.25 247 -109 0.62

A2 970 2 B R IE R 8 C Y9 R 0.62 mg-mL, BIYA
T TR R B e 20 2 (EUIN . CAEAS TR W Z R 1)
SHUR7 I
2.2 BEEFE MR Z B TE R
2.2.1 B a5 FH R Xt £ R W B A 52

H ] 2 F1% 3 RTAL, FE B AR E] 15 min DAY I, T
PEIR LA I 2,08 , 15 min J5 15 PR 5% % 2182 1 0%
7t B R O B ) 184 4 R 3G s YR M R A R 2
i [ K, W M ok TR R M R A . R, Y
DA BT 8 €2 B[R] 428 T 15 min N o AR VAR
BFIR1 24 5 min, 26 SGE ] P, 50 €6 50 e 2 58 1, FL Y 1
XS TR R B AT L 220
2.2.2 ZLTRR X €050 W B 2 T 1 5 il

M 2 &4 RTH TE LR E N 1.05~3.16 mg -
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mL LY, ZE Rt TE] 10 min B, 16 PR I 66,57 A
Mt 2 1R , BT 2R W it 5 B e e oG . BV

3 AERBFHAETRER ZEBHNIKE (ng-mL™")
Table 3 The concentration of acetic acid under different

treatments with decolorizing agent(mg-mL™)

Ji5 (Bt 18] Decoloring time 0g 01g 02g 03g
0 min 0.98 .00 098  0.99
5 min 0.99 100 098 099
15 min 097 099 1.00 097
30 min 095 095 081 078
60 min 098 085 060 045
CV 1500 /% 125 046 1.24 1.41
Xsoi5m 0.980  0.995 0990  0.980

RS 2258 ACs 150/ % — 153  -1.02 0
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Figure 2 The absorbance of ferric acetate treated with different amount of activated carbon

R4 FFEERBEE 10 min FER R ZEEHRE

Table 4 The concentration of acetic acid at 10 min

(mg-mL™)

decoloration(mg-mL™")

¢ 2,11 Before decoloration(B) i 75 After decoloration(A) B-A

1.05 1.05 0
2.10 2.10 0
3.16 3.17 -0.01

P T R VR AT Ak A €2 B G e B ) 9 I AE 10
min P, JITAE P 2 6 208 B 20000 52 45 5T I8 35 2 1)
2.3 BB ZENE R R

H & 3 0] AT, ik D VR T TR
E@F15m60haM%%A%wé%%%&%
ZBR 351 0.957 5.0.997 4.0.996 2. H1IK 4041,

P25 R £5% . TEHWIEIR TN 5.10 mL, 243 h i,
CTRERAL A W 1 W FE A 3R B 5 KA, BRI, AR S
HEAFVE W IE W FEH 10 mL, A1 3.0 h AR,
BRPZHREE
122 5 n] A1, R4 pH oy 7.3~7.8 19 3 3 AN [F] TR TR

FE S UTTE o b 3 S UE S IRV pH ¥ 7.2,
HC10 mL 40 3 (9 B A, A 2 mL 100.0 g+ L

FeCl; i (A 2 255 , BTl pH ¥4 2.9, B (8 3% (1) pH

TE CTRBA CBALE Y A e 8 pHYE FINY, AT 22

m1mmENwHﬁ%ﬁLﬁTuE%wéW%o

b CUE R A 22 A IE S VA TR TR 4 R

1.13.2.14 }20.96 mg-mL"',

2.5 Bk ZEREIRE
BB E D, LR Z A HAL R 2 5 5

- 2 A B P P :
FE3~6 h N, LB S IROGEIEAAZE AR poct, B 5096 B0 69 5 T 3 2, W 52 th R Bk 2
x5 BRARLEpHR ZEREE
Table 5 The pH and acetic acid concentration of biogas slurry after different treatments
e ol W ORI RN TR A
M . N . N . Acetic acid concentration Corrected acetic acid

S; les I~ TI L vy — N SN I, .
ampbea o R m(J:‘{H;(& ULTE B . €555 75 H 41K in pretreatment biogas concentration in biogas
number - iquid supernatant of biogas slurry  After pretreatment  After constant volume slurry/mg-mL™ slurry/mg - L
1 7.4 72 2.9 0.51 113
2 7.8 7.2 2.9 1.52 2.14
3 7.3 7.2 2.9 0.34 0.96
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Figure 3 The colorimetric curve of ferric acetate in the

pretreatment biogas slurry

Mo PNFE 6 T AL, 0] & F1 LR U B 19 5 03 TR WORE i P
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Figure 4 The relationship between the absorbance of ferric

% (8 Absorbance

acetate and time under different volume of treatment fluids

HERA R
2.6 B ZEHNEF %

ZEA VLRSI AT T TR T SRR SRR L AR
W7 % o

TH W LA B8 VRt R AR B R 3 5T B VH TR
500~800 mL, $& A J5 #E 1 he B 200 mL FWEW T =
A, 23 WA 25 mL 150 g- L' Na;,PO, - 12H,0 I5 7
H125 mL 65.1 g+ L™ Jo/K CaCLIE , FoA 85, B E S
min; [P 1 g TEPE R T4 855, 5 min J5 37 B

CFRER He A 2 - W 10 mL 77 9 AL BEE T
50 mLZ5 50, 12 mL 4 100.0 g- L' FeCls i (5
#, F 1.0 mol - L' NaOH #8715 pH % 3.0 (U 2 2 4 7
pH 2 2.9~3.0, W F5 4% & 25 W ) , 2l 7K 22 45 % 50
mL, (25+2)CE A 3 h, A K 550 nm. [6] 25 il £
CTREFRMERZR (PRI 1.2.595) , MR S b i ph 2R 3153
TR I SR & e, N IE A G A5 BRI 18 o

=
Ho

3 g

JERATHY

Fo BikpZEREIE

Table 6 The recovery of acetic acid in biogas slurry

i H Items

FE 5 45 Samples number

1 2 3 4 5
TR TR BEE 2,12 35 i Acetic acid in the pretreatment biogas slurry/mg-mL™ 0.26 0.26 0.26 0.26 0.26
LTRIMA R Acetic acid dosage/mg-mL™ 0.42 0.84 1.26 1.68 2.10
LIRS 55 Theoretic content of acetic acid/mg+mL™ 0.68 1.10 1.52 1.94 2.36
LRSI 7 i Actual content of acetic acid/mg+ml.” 0.66 1.08 1.48 1.86 2.34
A% Recovery/% 97.3 98.0 97.2 95.9 99.2
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TEI A2 F, SRR AT AR 2R B ULRE A )
Jo R € FUA B, LAARAS AT T e 20 A 4 JC €0 W
W o DUVE T R B K A X SRR AT W B Y, I AL
S PEARIA M b R W E A, (HBE IR E5 0 L IR AY
MR R A A R B 224 9 9 T Ak TR 35 5910 F)
A E U 2R (R R NS R R0 5 o L 591 P B
8 TR 73 P2 SRR FR T A PRTR MDY LR
A E , RIS S8 2 25 2R 7 0 25 (mg - mLT)
JERRE Y o RSO 100 5E BOUTTE R I AR A TR
TRTTUAL BRI, 2% 00l 22 02 AR SN 5 79 3 R 1 2R
C(0.62 mg-mL™") o AT kI TR 00 LR 5
TN I I IE R AR R S PR PR S R
RIVRT LA T 0 9 A4 1 28 800 Bk DL 70 IR e 2 PR i
(070 22 o 573 A, 485 305 P 0 1% S €8 I T 42 A 7
5~10 min B, 58 G500 65 000 2 45 SR A 520 W] 22005

F IR TR BRI AN R, S BUR R R L B
FAAEZE ST, BUETTHE R & A A, ZFRIE AL IE
AU 2 KRR o e SR B AT 58 SRS
TRE R, B TR T 14 52 P 2 E 2 5 DT R
AR 53000 7 F 7 ) 970l 22 5 1E 2R 8, Xk 2 Rl
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