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Effect of Alkali Metal Salts on Rapid Pyrolysis of Wood

Kiyomi OHARA** and Takafumi KATO**

The rapid pyrolysis of sugi (Cryptomeria japonica) and konara (Quercus serrata) impregnated with alkali metal salts (K,CO,,

CH,COOK, Na,CO,, and CH,COONa) in an argon atmosphere was performed using a cylindrical reactor equipped with an infrared

gold image furnace. Wood samples were heated to 800 °C from room temperature at a heating rate of 30 °C/s and kept for 1 min. In the

presence of alkali metal salts, the yields of chars and gaseous products such as H, and CO, increased markedly, and the gross yields of

H,, CO, CO,, CH,, C,H,, and C,H, increased by 2-8 wt%. The specific surface areas of the chars from potassium-impregnated samples

were larger than those of chars from sodium-impregnated samples. In particular, chars from both sugi and konara with CH,COOK had

high surface areas (nearly 770 m?g). Micropores were well developed in chars formed by potassium impregnation, and peaks of pore

size distributions were seen at about 0.8 nm. These findings suggest that potassium salts enhance the pyrolytic gasification of wood

components, especially cellulose and hemicellulose, resulting in increased gas yields and the development of char porosity.
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1. #%

VT, ALABREI O REE e R bR FE D KT HIC X D
HERIRRE(L, TRBRALS OB E Vo lzsg IRt L,
ATV RAIRKESEBEMRTE D HAERRRZRER E U THIRE
SN TWD. HREEROBKETH 2HAEIIARE A
T~ AZEEND 2D, BUIEMLEBI M O Ry, B
BEk 7e ARSI L, =X —ofb5E, £
TAREM B E LY YA 2 B sn T,
BIZIE, AMEKAER, BFE, BEEMME L EOFE T T
BNRAD 2T D Z LT K DARFEORGEI, A& ) —
NRY A F I T—T )b b\ TR IRIRERE R O BB 3"
DEDHNTWD. L, AMD6A4 T 2B fiF Rk
WL, FEORRNIES B A A, RESLERL & V-7
BDOLME, ESICESEHOERIC L - TH & T 57
E, G 7 m AL HET HBEOMBITZ . BT
2T, #HRMERRILAE) TH D 2 — L & Rk
ThHF v —NRIET D0, ZhbRIEWO ARG

il

* SRR 25 4E 11 A 30 B AT
*x Ly AT LT

(1)

ZHIE LN S, HMETDIHARD 2R LG
ODOIFRPME L 722, THHDRIZDOWTIE, JFEO
FOSHEORGET S & L0, KEKSOWFRE AL EDIMNLH A
{ERIDE N, 2 — Vo fRfREEO NN, @\ F IR TR
k2 INEN U CHEFE R Sy O i 2 e - s BV ik O £
EWV D TMEGEARICEAT 5 ToR72 &, flix OXIR DG L
LITWDEHDOD, Fy—OH &7 § 2 LIXRET
HD. BAELLEF v —I3HEH L TARER T L —%
[T 2R AR TH DN, WES O WK EDEH M
DIRNERE 2 ZETHIE, BT LL ZhREETIEAR
U RBELS Lo Tl &7z LI B IR B
BHEFNR, KOAERITEWZ®, ZIUTITEEN S
TG ORRINME L 70D 552 L 2B ETHLERD
5.

EZAT, Fr—IFZ DR AMUSIE % il
IEHGRAL ST L 7o iiiE A2 £ D 2 e b Tn D, fl
2N, Fx ONA I~ AEREET Y U LOKEIES Y 7
L7p 8 ERA LTS IE, ELDF ¥ —idmnit
REME b IEER E 72D Z EARES LT D'
CAVEEERERTE & KX D IEERGEE DO —DTH Y,
TN BRAEMBRBELRRE LT AT HZ &



WL o> TEHEOWAILBS AL S 4L, R a3 KT
57 EHEREIZ U ETHEIERFEL, HL< LB
BOMLE, i, BRERL, IR EoMRICAL
FIR S TE T, A A~ ZEPOIE DK AN Hmm S
D XD TEE T, AN A~ ABKO R %
T Z e HERRME (mah—KRy) & LTH
A5 L2mU T, ZEbRFEOHIE EWFEE
HOMEOMPIZHEIRL LD L9 AEEbEH ST
11\518).

AW BNWTEET LIX EROMIZER L, TAD4A
BRI & T v —OVEROWE N LA LT 7. 7720
H, BDVULELITT NI UAEELT VL) SRBES
TE LIeAM & B iR 5 Z Llc ko C, PR ERn
LZF ¥ —lCiFmah =R 2035 X9 s A A
2 LRRFCARM O AL b 2 &2 R E LT,
TV H U &R E T A DL LR, 72 5N
F ¥ — O & R ERE O ZIC RIET B L~
7o AMBEHIIIE B EONEN L E Th H A X &
JREROaF T EBIRL, 78 ) EBHEICITREED Y
A, BRIV UL, KEFT NI UL, BiEESTRY DA
DAfEE Wz, E2, 2o A ) eREOER
EEFETHIHIC, AF LIS T O D HA LI
o —RALUAFH Y =, BIOTIRRIED
Tl o—RL XL T UDASRERBIT T2,

2. RBAE

2.1 HHHEN

AMBEHNTIX, BB E246umDEAES D U & @it
L7= A% (Cryptomeria japonica) & =27 (Quercus
serrata) DR (& LRI E R AU 2 Hv
oo Fim, ThhooARBrLMlLEArELE —
A, VAXRFLY =, BROHREEO L7 —
A (Merck) &¥ 7 (BIR{LT) & FEBRICE LT,
Table W IIAMETHWZAF L a T D 77—V )
7= E RS E R T
Auvro—20fHIImERET N U RIS
=Y AKEY v 7 AL—fhligRIc AR, =X =Lk

TR RS TR 559275 (k2643 1)

NP DOREGER (1:2 viv) A0 2 T 6RERT B R ik
T 52 L THIEAB 2457, WICHUEAR 2 7R84K, B
fe, THEREET RV © L& HIZ70~80C DGR H THNEL
L7z, MEHIX10y 5 &I HE D IRYE, S SIS/
FRICHE SRR T MY U A LR A AX TIE4E], 27
TH3EINZ 72, WEWZRN%E, KEKETE T
WL, Soklo—2E57-.

TUAFY Y 7= OfiiHIEPepper & Siddiqueullah®™
DFEHE Tz, BREAR & 2 A4 % L 0.2mol/LIGE
DOIRAE (9:1 viv) 1TIZ, 90~95°C TARE[E FiE ML
L7z, WICNEMZIER L CIBRERR L, MEFoy
TRV E TR L — 2 — G S W71k, FRIRICKE
MATHH L72Y 7= Zm sy L Clale L7z, [AY
L7c U 7 = 3ok CBIEveye L TRk R A B, oA
E AN/

IHOORBEKIL, FOEE, HDHVITIK,CO, (F
FeMFETEE) , CH,COOK (Fyfi® T3¥) , Na,CO,
(FOEMERE %) |, F£7213CH,COONa (FIDEHISE T 3)
DEZIERZAT, XLy MRIZET U TRV iR SR
U7, BREEA2.5mol/LE 725 X H I L 7= & iR stk
D KIEH20mLIZ 3R ER2.0g % 24 72 L7=1%, 50°CT24
WERICL EANER L CoRAy 2 2838 S8, 3B .0gdh 72 v D3k
AR ED30.025mol & 72 5 L O ICHRFI L. kicZis
OB 2 FEAI L AIL TOMPad [+ ) T 105y BN+
T5ZLT, ERBMMmORL Y MM E ST,

2.2 BSMREER

BB MBU IZBEHR & FARICHRIM R T — L Ko
A—UF (73w 7 BT RHL-E45N) 2L, MG
FRTIINAR3em, § S40emDiBAAHEE & iz, 5
WA TEWZMEDS Ly b MEO R IR AL E T 5
IS AERE L, 722 H A %500mL/min Tl
U7, #H30C TR0 CE THIEL, TDOREE1
MRS D 2 & TR MR IT o7, AR LT AL, K
FTATAAREZE ) —)VDIREAT U —IZLVHKI-70C
WZfRoToa—V R NT » @S Z & CRET SRR
WORAE T 2 RN 1%, HA Ny I L. A AH

Table 1. Lignin contents and elemental compositions of wood samples.

Sample Ultimate analysis [wt%, d.b.] Klason lignin

C H N O(diff) [wt%, d.b.]
Sugi wood 50.03 6.03 0 43.94 30
Sugi-holocellulose 45.01 5.82 0 49.17 -
Sugi-dioxane lignin 63.99 5.75 0 30.26 -
Konara wood 47.70 6.00 0.18 46.12 14
Konara-holocellulose 45.02  5.79 0 49.19 -
Konara-dioxane lignn  61.22 6.12 0.10 32.56 -
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Table 2. Yields of pyrolysis products from wood samples in the absence and presence of alkali metal salts.

Yield [wt%] Product gas composition [mol% |
Smple Impregnant
Total gas Char  Others H» CO CO, CHs CHs CyHs
Wood only 17 17 66 18 45 17 14 4.3 1.2
K,CO; 25 45 31 46 20 29 3.3 0.6 0.6
Sugi CH;COOK 25 47 28 39 15 20 24 1.3 1.7
NayCOs 21 30 49 48 21 24 5.9 0.9 0.8
CH3;COONa 25 36 39 21 20 29 24 3.5 3.2
Wood only 20 11 69 20 45 17 13 4.4 1.2
K2CO3 25 23 52 37 16 40 5.8 0.9 0.9
Konara CH;3;COOK 25 34 42 37 16 23 21 1.5 1.3
Na,CO; 22 30 48 31 17 39 9.6 1.6 1.6
CH3;COONa 26 26 49 26 18 27 22 3.5 2.5
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Table 3. Specific surface areas of obtained chars.

BET surface area

t-plot Micropore area

Smple Impregnant [mz/g] [mz/g]
Wood only 39 31
K2COs3 361 252
Sugi CH3;COOK 771 654
Na>COs 154 80
CH3COONa 169 128
Wood only 22 15
K2COs 616 513
Konara CH;COOK 766 651
Na>CO3 88 41
CH;COONa 114 64

(3)
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Fig. 1. Reaction paths and products of wood pyrolysis.
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Table 4. Yields of pyrolysis products from wood components in the absence and presence of potassium carbonate.

Yield [wt%] Product gas composition [mol%]
Smple Impregnant
Totalgas  Char  Others H, CcO CO, CHy4 C,Hy C,Hg
Holocellulose - 22 23 55 22 29 36 9.6 2.4 1.3
(Sugi) K»CO; 3] 27 42 38 16 37 5.5 1.3 1.6
Holocellulose - 21 21 58 15 38 33 11 2.6 1.3
(Konara) K»CO; 34 20 46 41 15 37 54 1.3 0.7
Cellul - 13 7.5 80 12 58 17 7.7 4.7 0.9
ellulose
K,CO; 26 7.3 66 14 16 64 3.5 1.4 1.0
- 19 24 57 9 39 37 11 2.8 1.7
Xylan
K,CO4 28 20 52 38 14 42 4.9 0.9 0.8
Dioxane lignin - 20 24 56 16 48 9 22 33 22
(Sugi) K,CO4 15 31 54 33 11 47 8.8 0.0 0.0
Dioxane lignin - 20 23 57 13 45 11 24 59 2.4
(Konara) K,CO4 23 43 34 42 10 36 9.4 1.9 1.0
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Fig. 3. SEM images of the char samples obtained from sugi. (a) holocellulose; (b) holocellulose impregnated with K,CO;;

(c) dioxane-lignin; (d) dioxane-lignin impregnated with K,COs;.
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