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Abstract

Carbon sequestration is a key technique mitigating the global warming. We used biochar to re-
place cement to make the biochar concrete in concrete production, and then compared the per-
formance and carbon sequestration of the biochar concrete with C20 concrete. When 1% of ce-
ment was replaced by biochar, the strength of the biochar concrete increased by 9.77% compared
with the control; When 5% of cement was replaced by biochar, the strength of the biochar con-
crete was similar to the control; When 6%~30% of cement was replaced by biochar, the strength
of the biochar concrete decreased compared with the control, but the biochar concrete still met
the national standards of the C20 concrete for the concrete strength. The addition of water for the
production of the biochar concrete and the saturation water contents of the biochar concrete in-
creased with increasing amount of biochar in the concrete, but slump constant and the apparent
density of the biochar concrete decreased. If the biochar concrete that have met the demand of the
strength of the C20, C25 and C30 concrete is applied to all constructing buildings in China, these
buildings will be able to sequestrate 4.95 x 1010 kg CO_; If the biochar concrete is applied for im-
provement in structures and functions of the existing buildings, these existing buildings will be
able to sequestrate 1.73 x 1012 kg CO.. The total sequestration of CO; by the application of the
biochar concrete equals to 1.5%o of the standard forest area in China. Biochar used to replace ce-
ment in concrete production is an innovative method of carbon sequestration. The biochar con-
crete has the advantages of easy operation, low cost, and long-time sequestration of carbon, and
the production of the biochar concrete can consume a great amount of solid wastes.
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1. 5|8

MR A WUIFE IR R T RIB(<T00 C)TE U — JE R AR E 45 . B L5 B AL & 4[1] [2]
[3] [4]o ZEVIREIRIES 202, ATLGRFRIE I BRI BRI ARHASAT, tha] DL KARER
Hi5de 2 Bl TIRFANMEN ISR 2 2SR EHRAIY. Rt 2SR EER AR
TREMEL, BB R BB KSEE—E LRI, LS hiRE, B, IR AT R —
FNTATH[4] [5] [6] [7] [8]. LM IREE LR AR R WY A2 TR g A g 2 4 B AK
Ve, TR — M EARAEBIIEE, R A TR R R VA R

FI AT A S A SR M B A PR AE A A MR AR5 A28 (9 [10] [117 [12] [13]s
M 5 47 A AL J2 A7 TR ARSI SR B CO, REAT 77, B AT K, B i DA g2 AR A 77 3K,
EIRER, BARERE, JFWEYE—ERKK0] [12]. B ARRNE FEEsE iz, sk
TENFREAE R B — B EOR, BAFER, (HIZERW REOREH . B SE — R 5 R 2% R AT fr
e, W AT AL TR BB 10] [13]. 07 Al 2 A I 5 < SR A o A I 8 26 A S O BRIR 2 AT
Rl A €, BRGNS N AR, ARHARRE, PR BRI J19F A SRAL9] [12]. Tl A 2
AR RO A 72 55 P 85 B A2 B KBS A7 HOR[13 ] AR S BA7 R R BRI BB A, 52 B B IR AT A
FLFRIE ARG & EBR . AR FHE AR R U R g, R A B AR AR AN I 11 BRIAETS
BHAF I — A R AR RRAS B A7 07 30 (HR I S MR G AR 35 s J G, AR A%, AR BT
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R BRI, [ A b S B BRI 11] [13]. BRth, 2EAE S TREU, 6 7 F R a0 Fr s 17
BAET R AR B A7 77 50

F TN AR — TR B PR R AR S B N B S . BRI R A RS . LRSS RGiHhER
PR IS BB [14] [15] [16] [17], BAUBR KA RE LRELREF BN —EB8NEYMRERKE, &5
FUVE Yk i P 4 A A VR TR RE R T RE ORISR, DMEREAE IS A O @ suE
N AYI BRI T, SCEUREAE . R R AR =l R s B N AR R R, SRS EE, R bk
¥ AHF ST BRI N A o) 1) FEVRBELAE =i R, AR BAOKIRIE, TREE 58l ARk 2
JE IR B TREER SR EKE? 2) ANFEAEY IR &R IRE LHE SRR KSR YREE. KR, BE
A2 3) G AE Y R IR 1 RE 2 AR AR O S R TV RE R, 7EAE Pl s O
POE A RIS L, HEEREERG L LD ? B RERSEE R, ZEN AT RIS AF
IR A RS AT T IR AT Re .

2. MRIFIFTE
2.1. R

IR 1, FEAREAEYR. KUE. AL NG T EPRE SN IR+ 25
ENLHIEYIR) AP FRIR AR . KTER I 538 # A SR A IR~ 72E 7 1) P.O042.5 Je. FHAREER
WA AT K o IR AR SE AR LA 1o

2.2. AT

S8 (MEIRE LA R RE) (JGI55-2011) 1% (IREE L 45/t HITE) #E4T AR IR e ik b
HIVE[17] [18].4% C20 JR#EELTRE fouk = 20.0 MPa 51, BUH5#EE fou,0 = 26.58 MPa, & E Y 10 - 20 mm,
WA A 40%, KIKE(BIK/OKIE + AWK IW/C = 0.57; IREGRUEFEY 28 K5, 95%LA Lik#| i
THERES] [6] [7]. M LA L AKIRAD: AT /K = 1:3.16:4.36:0.57. LA RFERE, R IR AR HAR
KV BB 2 EEED 04 1% 5% 10%- 15%-. 20%- 25%. 30%HI{ERE, B a2 HEE,
| A FARHEFRY 28 ReRBEM e, HAM 1 A TR . K3 5E . 78 TR f 1 2 Ak
WME T ERvE e MK E . RWE BESEFR bR . B, IKIEE R Gt REdR, o3RI i @55 R IA sk
RERR AR L, MBE 4 B A 6 AL B3 TR BRI A W VR L, Al SRR ) B A7 0, BT SR A AR AR T A
P A R IR R R REE . E BRI AN AE WL 2.

2.3. REHER

2.3.1. £¥cE R BENE

R (- im v G 7 ARG VR ARYE) (GB/TS50081-2002) [19141 (X i VR &t P &9 A8 R 560
IEFRUE) (GB/T50080-2002) [20], B /KYE: P WA /K = 1:3.16:4.36:0.57, XHHF—AEWR B R/KIEHE
BEHLES, R 29.23 kg, WA 40.32 kg /K 5.13 kg: KIFIER —F MERE, FNMEEY
ELZRAE, 250 9.00 kg SR NS RENLIREEBE 1 min, BARGIKSEE, ERK M5, BHEEEZ) 5 min,
FEHFE 78 0 (RSP NN R AT AR, RS0 23R4S, SRR 25 Ik, ARETBERE S
FARE 30 s, BROPHERIE. BRUGEE = RBUEL, ASRETRY E R (bR e TR = 5 4F: IRE 20°C £ 2°C.
FHXHRRE 95%0PL b FEFR57 28 K)o AR ENRE /7 thlilfE 2 4L, BH3IANES, H-H28 K
PREFRA S A SS , SR T e 7RI L B I et 5 s 56 2 AR B 28 RARiEFRIF I fS, =K MAT, H
3 RE 7R B LI E R
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Figure 1. Materials for testing

1. iRgEAR

Table 1. The basic property of experimental materials

=1 MR EARMR

H¥IR Biochar
T F (g/em?) pH MgO(%) CaO(%) ZnO(%) CuO(%) ALO(%)
1.56 7.56 1.55 10.01 0.0063 0.0105 0.76
7K ¥ Cement
T F (g/em?) Fk & (%) Ll R T IV (Al (min) 2RI A] (min)
3.101 15.6 357 245 316
M 4nEEKE Coarse and fine aggregates
ekl ik gl WEHY RKHEmm)
w 2.78 1.81 3.5 0-4.75 R
v 2.79 1.43 . 5-20 RAF
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Figure 2. Main test instruments

2. EEAWNER

2.3.2. EYIRCERLIAEENE
e HR i LT L AR O A — AN EY R B AOK e A 4 L B AREUED 9.74 kg ¥ A1 13.44 kg 7K 1.71 kg,
KREAER B EEN 3.00 kg, BABFHLTBFE 1 min, FARRIKEEE, BEREOKHE, SBCRE
29 5 min. HHAWBENIE RN, A 20, B0, HE AR ESRE S Hi=0,1,5,
10, 15, 20, 25, 30), HRHEAF(1) [19] [20]1H5
L=H-H,(i=0,1,5,10,15,20,25,30) (1)
KA: LAMIVEE (mm)s H ORI FERG R B (mm);  H, APk AR TR L 374 5 5 AU = FE (mm)
2.3.3. E¥RRT R THEE E &R TRk ERE
HRHE (Cm TR ke LR A VI SR8 712 hR 1) (GB/T50080-2002) [20], 418 T L & Eb 3k A= VR TR
B, MEYHEER, BTAEYRIBH, e b, WEEERE/DN: RIGE, HNTRIYNEE, N
AN—EEIKESRE, FREMRE, WesEE, BISEIYNEE %, R raEnmKeE, e
19 BB E BE 26 T AR & .
234, EYIRERLIRUEFENE
AR QR EE L PSRRI T A AR ) (GB/T50080-2002) [20], FRET-1$1) SL 4 & 4 d i
My, ERHGT, BE-NMEUREIOKRENEEE S LESNHEAYEANER, RIGELHT, KE
My(i=0,1,5,10, 15,20, 25, 30), %A R(Q2) [19] [20]7FH LM% T -
(M, — M, )x1000

p= % (i=0,1,5,10,15,20,25,30) Q)
X p HRWEE (kg/m’); M, WERMARERER(Kke: M AFEMERK: V AFEWE

BUL)-
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2.3.5. R B ta Rk =0 E
131 iR —dbruEsRd ik, FREVIER Mui=0, 1,5, 10, 15, 20, 25, 30), BAKFIZH 3 h, B
HARE DR, AR FBONKFRIE 3 h, BUEFREH s, BRI 2RO E S EEHEE N b, 15
WPREHTFRE G &, HARG) [71HERKE.
(M, —M,;)x100%

R= (i=0,1,5,10,15,20,25,30) 3)
MOi

Arb: RAMKE: Mo AIRPARR KN E & (kg): M, NIRELZ TR K G BOK A 5 & (kg).
2.3.6. £YRRBLBREFTFN

WG CREE-ZAM BT E) » AFEEERRERE LA RN TREPHIMEHEAR. T 2EFEE
F A @R SOEECRAS A F s R GeT FR, 4%0 2 VR R T B o B SR S SR TR I AR A
R B AR IR B R AR, B TR R SRR AR AR R, A A R TR R Bk
BT B PR ERRAR TR [19]. FAHF AL F:

Cs=a-B-M/0.273 4)

M =03xS.y &)

Ss = L>< Csx0.273x0.1 6)
160

A Cs HSHATRE AR (kg): o AKIREE SRE L ERILERE, B 1/9.09: g L @R TR
SR L BRI AR B AUK TR VR T 0K (%); M N2 BT SR ek O @ S S0E P /5 TR E R (k)
0.273 RAFIF R FAHI LB REG 0.3 28R SUIARIT A SR B L1 R MAR (M /m®); S HiH
AR CAEHEA(m): y: BB LA HE(kg/m’); Ss: ARERMITE (m’); %%é@%ﬁﬁ%?ﬁ%

JRbRHE AR AR TR R 5 45 R B (m/kg)s 0.1 M B R E(14] 3).

FEMIHRAERH KK

Ktk BTt IE BN B E
I E

FARF L P 5

S, SRR, WJEREE 28D
LRI A A 2

R '

E AR R B

AR VR

Figure 3. Test flow chart
& 3. iRz E
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3. ZR5itie
3.1. EYRERLEE

VER T i A ST I VR e 1 TR BE AT MR RE R OCER TR AR . BEAE SREEEROR, VREE T SCHE ). Pk
FEBRK[7]. 2 2 KRB, M REE L AEYIR B AUKJe M E S E 2 eI, AR iR & B Re A2 I B K
FEJIRAE T A AR BREN 1%KFEE, FrRe &Sz i KK 18R, AN A 0 (TR 1%
MEBRFE IR K, XU NAED IR, $em VIG5 . ARIEHT, HIBAN 5% DRI, JREE 50 AN
BNEYIR RS FF . Y4B ANEHIT 5%/5, IRE T 5EE A S N EYIR AR T, JBA
TN 30%HT, AW R TR R R R T C20 YRR LB I R ARIRIE . TR, BR 5% B E o Ak,
HBANEESH R EREE.

FERIRRY, VR E AR IR 28 RIFWAI K G, VR IR AL ShrETEY 28 K
Ja B WK A B AR A — . (HIE, FRAEFRYT 28 KA R IEHBE 108 5 Z AR TR Y 28 K51
MK A R EEE IR RS, ML S, —& S —BREA S HEE 2 £h. XREZERIRE WK
Ja R ) BRI 2

3.2. EYIRERTIER

PHE 2 AR B L A G P FRRR 6] A 4 R, BEEAEYIRB NEIGM, PHEER IR, Ik
ANHITEE A 14 mm 3| 2 mm. SEIE AT, AR BAUKE R EEE S PR R T &M TR
y:4ﬁh+ﬂM@#ﬂM@Méoﬁ~%%%%,%%E%ﬁ%ki%m,iwﬁ@ﬁi%ﬁﬁT%,
TREEL A G VA N &S . AR IR TR, R IR AR A B, B Re S 2 1 5
BOR . VIR N B RIREE LR BRI RK P R R, A2 BN AR R A B A 500 ) W B 7K e

3.3. BB RTERHEERH TR MKE

M 3 WTRUE H, AR IR S AE BT IS A E KK B AR AR, KRN & 5 % HEAH bL & AN i kg
T, A0 BEINEN 0.55 kg, HIEINAIKE &R EEH 5N 0%~1.97%. X2l TAEYRBERK
Ve, fEREELHIEERES, AR ETRK T SEFEEIKE. X4 RR, AV LG A
KFCK RIS, X WIGUE T 15 M 52 o 2R 4 R VR e A B I AR K M

Table 2. The strength of the biochar concrete with different biochar substitutions after the 28 days standard curing and the
strength of the water-saturated biochar concrete with different biochar substitutions after the 28 days standard curing

2. SRR BT AOESF 28 RIERBGRE K F1P 28 Xtk RoamE

IR B 23 H (%) TR 28 K5 HESE (MPa) BT 28 R /K J5 55 E (MPa)
0 33.63 £0.15(b)* 31.53 £ 0.32(b)
1 37.27+0.72(a) 33.67 £0.12(a)
5 32.07+£0.15(b) 31.03 + 0.32(b)
10 26.73 = 0.15(cd) 26.03 + 0.09(c)
15 27.93 +0.18(c) 26.57+0.30(c)
20 27.13 £ 0.03(cd) 26.23 £ 0.3(c)
25 25.63 + 0.80(d) 22.33 +0.12(d)
30 22.20 +0.06(e) 20.43 + 0.26(c)

I A B W R R R R R EITE 0.95 BLAS KT L RA 5%,
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— = — Slump constants
—Standard fitting curve

Slump constants(mm)

0 1 1 1 1 1 1
0 5 10 15 20 25 30

Biochar substitution(%)

Figure 4. The relationship between the amount of biochar substitutions and slump constants
of the biochar concrete

B 4. £YRBRKEEBNLSRRLPER R

Table 3. The relationship between the biochar substitutions and the water supplement ratio under the defined slump con-
stants and water cement ratios

F 3. ARITEE S EK K FGH TEDERESHMKEXR

A IR B ARV EE B 4 L (%) YPHE B (mm) KNI (kg)
0 13.8+1.18 0.00 + 0.00
1 132+ 1.05 0.10 +£0.01
5 13.5+0.80 0.25+0.01
10 13.0+0.79 0.31+0.02
15 13.4+0.84 0.38 +0.02
20 13.5+1.10 0.40 +0.03
25 134+ 1.15 0.50 +0.06
30 13.0+0.95 0.55+0.05

34. EMRBERLTRNEE

HIK 5 3RH, AEMpRIRE L BEE YR B AOKTR g N, R E TR T, HATEREE 0%~30%1E

W, WKT 2.6 gm’ FREF 2.4 gm’. EYIREMUKIRRESEERSCR AT AL y = -0.0064x +2.62
(R2 = 0.95) B o ARV EE L HIX AR A TR )

3.5. ERR B AKX E

i 6 KW, BEEEYRBEMOKIeEE T/ WK, AV IR LA K 5 n, 5 g 22
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265 |-
i — »— Density
— L — Standard fitting curve
i 2.60
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L ]
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> 255
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2.40 | T
' : | : | |
J 5 10 15 20 25 30

Biochar substitution(%)

Figure 5. The relationship between biochar substitutions and the apparent density of the
biochar-concrete

Bl 5 £MRBRKEEEESHESRALRABEENXR

— » —Water absorption
24 - — Standard fitting curve

Water-saturated contents (%)

0 5 10 15 20 25 30
Biochar substitution(%)

Figure 6. The relationship between the amount of biochar substitutions and the water-saturated
contents of the biochar concrete

E 6. EMREBRIEEEFB DL SEYIRBETIOMPARXR

1E 0%~30% [ 1Y, A 0 B KBIZ) 2.4%, HOCRATHLMTTE y = 0.028x +1.41(R = 0.96) L5, Mk
HMEZEREVIRB N, VIR Z AU LR TR 7 IREE TRk B, AW TR b s TR Bt

DOI: 10.12677/aep.2017.76060 473 IR AT


https://doi.org/10.12677/aep.2017.76060

FRMA %

KCEREAH — R WHAREE RILRY], fERKIRIER] 12 h Ja, WAGKRMALRE. HiE, BTk
BN, £ R L, BN T A B EEE N EERE . (S, AR K SRIG AN P BERE )T IR
ARG AR R R TR PR RE K .

3.6. YRR BT RERBE

IR E R Goit R gkl T E ARSI 5.6 x 10" m?, FEFIBESI 2 x 10° m?, ik 5 pr
AR 0L b, R @RS T EARREB L, WEHE, C20, €25 F1 C30 Jktt X s
A ERARS TR B 55%~60%; C20, C25 F1 C30 55 5 S5 2 R ik 70 B 3 a5 O 243 70N 0.23 x
10% kg, 0.31 x 10" kg f1 0.3 x 10" kg, fEPLA EF S P RIFEN 6.5 x 107 kg, 8.6 x 107 kg, 8.6 x 10"
kg (% 4). BIA@EALUERRE/ME. Bl BP9, B k. s, =S, SRR, JEX. B, gt
BoHL . ROKMEN SRR RGN TS, @R RN RETRE—RIIH . BT IA KGR FEL
EK, oo 75 ZA R Lo KT Rl @ s, BT RIRg R, AEVR IR LR R SR A M o
REREIE A2 C20, C25 I C30 58 AN 2K, G R7Ex se i B F AR MR i e 1, TR CO, Hi7 &
BURE 2 T 3G I0bR e AR AR IO AR EAT [ B, L2 SR W3¢ 4.

MNFE 4 B, AS[E] 8 BE SR A W TRt A A AR R S I i S A A A uE T, X R AE )
TUERANIE, A& AR AERR AR AR B 2 AN A AR BAUKJE & A 70 b <30%H), JREE L5 >20.0
MPa, /e C20 5RFEAEHER, LU CO, [EH 7 RAEFHG B P IA H] 27.47 x 10° kg, {EIAT B SUE+
ik 746.15 x 10° kg, T EARAERRMRIAN 54 4.69 x 107 m?, 127.31 x 10" m*; 44V RBEMRKBEET
IYEE < 25%M), JREELGRIE > 25.0 MPa, 2 C25 SRIFSGER, I CO, HFRAFIMER AR
31.25 x 10° kg, fEHLA #FHGE Ik 822.05 x 10° kg, Fr A ARAERRMEA 23518 5.31 x 10" m*, 140.26 x 10
m’; SR BEAUKEER T/ < 5%, JREELSREE > 30.0 MPa, AL C30 JRE 50 &g Bk,
PEi CO, BAFBEFI @S L 6.23 x 10° kg, EIA EHHOE FIE 164.40 x 10° kg, FrEbrAERRM AR
3505 0.62 x 10" m*. 0.28 x 10" m*,

[ ML SR 2014 4F 2 ARUR KA, REFHRATEN 2.08 x 10”2 m?, #E7 C20. C25. C30 A=W IE
WL JE, RO AN O B B B AT A AR TR AR AL A 3.06 x 10° m*y ™, £ B E AR IR 1.5%0
217 5 &, AEWRIREE LRI A7 DTRR AR ol X — A iR = SR HE R BB S
4. &g

1) AR BAOKTeHIEE Y R IREEL, ERUNEEN, FEESRERN, RELmEL, BA&E
N S%lt, AW IR R R R B N R SR AL BARE M 5%, AW IR EE R
Table 4. Carbon sequestration of the biochar concrete applied to new buildings and existing buildings in China and corresponding

standard forest area

4. £YRR AT A EIEZAMAERALEPRHFERINSERMKER

FHEIRE - HE(x107 kg) FHE CO, HAFE(x10° kg) A4 T AR AE AR AR AR (<107 m?)
s BlEAsNE FMas e agsiseE H A E s

R S 2 TREHE%)

C20 15%~20% 0.23 6.5 27.47 746.15 4.69 127.31
C25 20% 0.31 8.6 31.25 822.05 5.31 140.26
C30 20% 0.31 8.6 6.23 164.4 0.62 28.05
Total & it 55%~60% 0.85 23.7 64.95 1732.6 10.62 295.62

TR R FH R R A ) 50 S S 2 AR BT AR P I LB B
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MR TR C20 VL LR E FARMERAE N, EMRERKIEERZ N 30%. AR FAT, 1
TR 7K AR A T 5 e P T LU R W K R s LB B BAIC . B AR B AOK Y B 3G N, TR &L LAMIN/K &
VAN K ZRIE TN, TV BE . 26 BEUR N TERUNEEIN, AR B ARUK e BA SR IR TRV RE i
TAHERERIFRE R AR BAUKIVETE 0%~30% U N, A4k VR B L e % i i TR Bk - C20-C30 JR%E LT
LREOR RIS TREER,

2) AR R IR - A N R B S BRSO TR TR AT, R A E N, s
FERBRAT A AR UE AR AR TIAR, 20 5 3R AR AR AR 1.5%0, X 45 T 2 A ER (TR B AE TTlk 20 7T 00, ek
T SAAHEBU A RO E . AR A8 m R R AR KR AR IR AR e, A A R AR
BE, HIIAE LSRR R = AR (2, AR AR S KA BT S YE . SESRESRIA R . ARA
TR T REFEF R EA WAL=, 1EA SR A R 729075 G R, R RURAR R 2
fRRETBUH K& CO, A ML, I8 I AP i) 77 2N ] e e VR e v, A B3 AR S as

3) AEVIRIBE LIRS AR TIRE, WS\ A KRR BIEE. AEE. RIED AR
PSRBT RE . PRI EE . AR R IR LA RS Rl — D I AL
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