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7KH�WHFKQRORJ\�RI�DQDHURELF�S\URO\VLV�NLOQV�LQ�ELRFKDU��%&��SURGXFWLRQ�

has� demonstrated� success� and� e൶ciency� in� recent� years.� Research�
VKRZV� WKDW� WKH�VWUXFWXUH�RI� WKH� S\URO\VLV�NLOQ�FRQVLVWV�RI� D�NLOQ� ERG\�

DQG�D�OLG��7KH�NLOQ�ERG\�LV�UREXVWO\�GHVLJQHG�WR�ZLWKVWDQG�KLJK�SUHVVXUH�

DQG�WHPSHUDWXUH��7KH�OLG�LQFRUSRUDWHV�D�FRQGHQVHU�DQG�DFWLYDWHG�FDUERQ��

ZKLFK�VHUYH�WR�SURFHVV�JDVHV�VXFK�DV�&2���&+���&Q+Q��HWF���HQVXULQJ�

QR� DLU� SROOXWLRQ�� 0RUHRYHU�� H[SHULPHQWDO� VWXGLHV� KDYH� RXWOLQHG� WKH�

³ELRFKDU� SURGXFWLRQ� SURFHVV´� XVLQJ� DQDHURELF� S\URO\VLV� NLOQV�� ZKLFK�

includes� ¿ve� steps:� (i)� raw� material� preparation,� (ii)� raw� material�
preprocessing,� (iii)� biochar� burning/¿ring,� (iv)� biochar� cooling,� and�
�Y�� ELRFKDU�SUHVHUYDWLRQ�DQG� VWRUDJH��1RWDEO\��WKH�ELRFKDU�SURGXFWLRQ�

SURFHVV�XVLQJ�S\URO\VLV�NLOQ�WHFKQRORJ\�JHQHUDWHV�D�E\�SURGXFW�FDOOHG�

wood�vinegar,�a�type�of�“pyroligneous�acid”�solution�that�bene¿ts�the�
environment�and�o൵ers�commercial�value.�This�is�considered�a�“green”�
SURGXFW�ZLWK�SURPLVLQJ�SRWHQWLDO�DSSOLFDWLRQV�LQ�WKH�IXWXUH�

.H\ZRUGV��

Anaerobic�pyrolysis�kiln;�
Biochar;�Pyrolygneous�
acids;�Agricultural�by-
SURGXFWV�
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Công�nghệ�lò�đốt�nhiệt�phân�yếm�khí�trong�quá�trình�sản�xuất�than�
sinh�học� (TSH)� đã� cho� thấy� những� thành� công� và� hiệu� quả� trong�
những�năm�gần�đây.�Nghiên�cứu�cho�thấy,�cấu�tạo�lò�đốt�nhiệt�phân�
bao�gồm�phần�thân�lò�và�nắp�lò.�Phần�thân�lò�được�thiết�kế�chắc�chắn�
và�có�khả�năng�chịu�áp�suất�và�nhiệt�độ�cao.�Nắp�lò�bao�gồm�bình�
ngưng�tụ�và�than�hoạt� tính�có�vai�trò�xử�lý�các�loại�khí�CO

�
��&+

�
��

CnHn,...�đảm�bảo�không�gây�ô�nhiễm�môi� trường�không�khí.�Hơn�
nữa,�nghiên�cứu�bằng�thực�nghiệm�cũng�chỉ�ra�“quy�trình�sản�xuất�
than�sinh�học”�bằng�lò�đôt�nhiệt�phân�yếm�khí�bao�gồm�5�bước:�(i)�
chuẩn� bị�nguyên� liệu,� (ii)� sơ� chế�nguyên� liệu,� (iii)�đốt/nung�TSH,�
(iv)�làm�nguội�TSH�và�(v)�bảo�quản�và�lưu�trữ�sản�phẩm�TSH.�Đặc�
biệt,�quá�trình�sản�xuất�TSH�bằng�công�nghệ�lò�đốt�nhiệt�phân�tạo�
ra�sản�phẩm�phụ�là�giấm�gỗ,�là�một�dạng�dung�dịch�³Pyrolygneous�
DFLGV´�có�lợi�cho�môi�trường�và�mang�lại�giá�trị�thương�mại.�Đây�là�
một�trong�những�sản�phẩm�³[DQK´�và�có�tiềm�năng�ứng�dụng�trong�
tương�lai.�

Từ�khóa:

Lò�đốt�nhiệt�phân�yếm�khí;�
Than�sinh�học;�Giấm�gỗ;�
Phế�phụ�phẩm�nông�nghiệp

1.�Introduction

3\URO\VLV�WHFKQRORJ\�IRU�ELRFKDU�SURGXFWLRQ�LV�D�

VPDUW�VROXWLRQ�WR�HQKDQFH�WKH�YDOXH�RI�DJULFXOWXUDO�

SURGXFWV�� UHGXFH� JUHHQKRXVH� JDV� HPLVVLRQV�� DQG�

SURPRWH� WKH� WUDQVIRUPDWLRQ� RI� DJULFXOWXUDO� E\�

SURGXFWV�LQWR�FOHDQ�HQHUJ\�DQG�JUHHQ�PDWHULDOV�LQ�

9LHWQDP�� %LRFKDU� �%&�� LV� D� FDUERQ�ULFK� SURGXFW�

REWDLQHG� E\� S\URO\]LQJ� RUJDQLF� PDWHULDOV� VXFK�

DV� ZRRG�� PDQXUH�� OHDYHV�� DQG� DJULFXOWXUDO� E\�

SURGXFWV� �H�J��� VWUDZ�� ULFH�KXVNV�� DW� WHPSHUDWXUHV�

below� 700°C� under� oxygen-limited� or� oxygen-

IUHH� FRQGLWLRQV�� %LRFKDU� KDV� EHHQ� SURYHQ� WR� EH�

an�e൵ective�adsorbent�for�various�pollutants,�both�

RUJDQLF�DQG�LQRUJDQLF��GXH�WR�LWV�ODUJH�VXUIDFH�DUHD�
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and�unique�structure,�including�porosity�and�pore�
VL]H��&XUUHQWO\��WKHUH�KDYH�EHHQ�QXPHURXV�VWXGLHV�

RQ� WKH� WHFKQRORJ\�DQG�GHYHORSPHQW�RI�S\URO\VLV�

NLOQV� IRU� ELRFKDU� SURGXFWLRQ� DQG� DSSOLFDWLRQ� LQ�

9LHWQDP�� )RU� LQVWDQFH�� 0DL� 7KL� /DQ�$QK� HW� DO��

KDYH� LQQRYDWHG� ELRFKDU� SURGXFWLRQ� IURP� VWUDZ��

¿rewood,� corn� cobs,� and� rice� husks� for� use� as�
IHUWLOL]HU�LQ�%DF�.DQ��WKH�8QLYHUVLW\�RI�$JULFXOWXUH�

DQG� )RUHVWU\� �+XH� 8QLYHUVLW\�� VXFFHVVIXOO\�

UHVHDUFKHG�� GHVLJQHG�� DQG� IDEULFDWHG� S\URO\VLV�

kilns� capable� of� processing� 50–300� kg� of� rice�
KXVNV� SHU� EDWFK� IURP� DJULFXOWXUDO� E\�SURGXFWV��

WKH� ,QVWLWXWH� IRU� $JULFXOWXUDO� (QYLURQPHQW� KDV�

VXFFHVVIXOO\� SURGXFHG�ELRFKDU� IURP�ZRRG�FKLSV��

VDZGXVW�� VWUDZ�� ULFH� KXVNV�� EDJDVVH�� FRUQ�� DQG�

co൵ee;� the� Institute� of� Soil� and� Fertilizer� has�
used� rice� husk� biochar� as� a� substrate,� arti¿cial�
VRLO��DQG�RUJDQLF�PLFURELDO� IHUWLOL]HU�IRU�JURZLQJ�

RUQDPHQWDO�SODQWV�DQG�VSHFLDOW\�YHJHWDEOHV��DQG�LQ�

������%LQK�'LQK�)HUWLOL]HU�DQG�*HQHUDO�6HUYLFHV�

Joint�Stock�Company�(Bi൵a)�received�technology�
WUDQVIHU� IURP� 6LQR�-DSDQ� WR� SURGXFH� ELRFKDU�

IURP� SODQWDWLRQ� HXFDO\SWXV�� LQWURGXFLQJ� YDULRXV�

ELRFKDU�SURGXFWV�WR� WKH�PDUNHW��2YHUDOO��H[LVWLQJ�

ELRFKDU�NLOQV�RQ�WKH�PDUNHW�KDYH�DGYDQWDJHV�VXFK�

as� reduced� labor� e൵ort,� low� cost,� and� biochar�
recovery� e൶ciency� exceeding� 90%.� However,�
FXUUHQW�NLOQ�WHFKQRORJLHV�VWLOO�SURGXFH�VPRNH�DQG�

VRPH� SROOXWDQW� JDVHV�� KDYH� ORQJ� S\URO\VLV� WLPHV�

(3–5�hours�per�batch),�consume�signi¿cant�energy,�
DQG�ODFN�GHWDLOHG�RSHUDWLRQDO�JXLGHOLQHV�

7KXV��WKH�UHVHDUFK�WLWOHG�³6WXG\�RQ�WKH�VWUXFWXUH�

DQG� IXQFWLRQ� RI� S\URO\VLV� NLOQV� IRU� SURGXFLQJ�

YDULRXV� W\SHV� RI� ELRFKDU� IURP� DJULFXOWXUDO� E\�

SURGXFWV´� LV� QHFHVVDU\� WR� PHHW� SUDFWLFDO� QHHGV��

7KH�REMHFWLYHV�RI�WKH�VWXG\�LQFOXGH�

�L�� LGHQWLI\LQJ� WKH� VWUXFWXUDO� FKDUDFWHULVWLFV��

IXQFWLRQV�� DQG� RSHUDWLQJ� SULQFLSOHV� RI� DQDHURELF�

S\URO\VLV�NLOQV�

�LL��H[SHULPHQWDOO\�SURGXFLQJ�YDULRXV�W\SHV�RI�

ELRFKDU�IURP�DJULFXOWXUDO�DQG�IRUHVWU\�E\�SURGXFWV�

XVLQJ�DQDHURELF�S\URO\VLV�NLOQV��DQG

(iii)� evaluating� the� production� e൶ciency� of�
ELRFKDU�XVLQJ�DQDHURELF�S\URO\VLV�NLOQV�

2.�Materials�and�Methods

�����0HWKRGV�IRU�&ROOHFWLQJ�6HFRQGDU\�'DWD

8WLOL]LQJ� YDULRXV� W\SHV� RI� GRFXPHQWV��

LQWHUQDWLRQDOO\� SXEOLVKHG� DUWLFOHV�� ERRNV�� DQG�

VSHFLDOL]HG�MRXUQDOV�

Research� reports,� projects,� scienti¿c� theses,�
HWF�

8VLQJ� WKH� LQWHUQHW� WR� VHDUFK� IRU� DQG� FRPSLOH�

PDWHULDOV�

Consulting� experts,� lecturers,� and� sta൵�
responsible�for�the�research�¿eld�at�various�levels�
through�a�questionnaire.

�����([SHULPHQWDO�'HVLJQ

2.2.1.�Tools�for�Pyrolysis�Kiln�Simulation�Drawing

8VLQJ� VRIWZDUH� VXFK� DV� $XWR&$'�� 9LVLR��

DQG� 3KRWRVKRS� WR� GHWHUPLQH� WKH� VWUXFWXUDO�

FKDUDFWHULVWLFV�RI�WKH�S\URO\VLV�NLOQ��VLPXODWLRQ��

7KH� $XWR&$'� GUDZLQJ� �YHUVLRQ� ������

LOOXVWUDWHV�WKH�VWUXFWXUH�RI� WKH�NLOQ�� LQFOXGLQJ� WKH�

FRPSRQHQWV�RI�WKH�DQDHURELF�S\URO\VLV�NLOQ�

•�.LOQ�ERG\

•�.LOQ�OLG

•�*DV�UHFRYHU\�DQG�WUHDWPHQW�XQLW

•�*DV� FRQGHQVDWLRQ� XQLW� IRU� SURGXFLQJ� ZRRG�
YLQHJDU

•�.LOQ�URWDWLRQ�V\VWHP

•�.LOQ�VXSSRUW�IUDPH

2.2.2.�Biochar�Production�from�Diৼerent�Waste�
Sources�Using�Anaerobic�Pyrolysis�Kilns

5DZ� PDWHULDO� SUHSDUDWLRQ�� 8VLQJ� DJULFXOWXUDO�

DQG�IRUHVWU\�E\�SURGXFWV�VXFK�DV�ZRRG�VFUDSV��ULFH�

KXVNV��FRFRQXW�VKHOOV��HWF�

&OHDQLQJ�UDZ�PDWHULDOV��:DVKLQJ�ZLWK�ZDWHU�WR�

UHPRYH�LPSXULWLHV�DQG�GLUW�

Cutting/grinding� and� drying:� Drying� at� 80–
120°C�or�under�sunlight�for�2–3�days�(raw�material�
PRLVWXUH�FRQWHQW��������
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3\URO\]LQJ� SUHSURFHVVHG� PDWHULDOV�� %XUQLQJ�

in� a� pyrolysis� kiln� at� 400°C� under� anaerobic�
FRQGLWLRQV� IRU� DSSUR[LPDWHO\� �� KRXUV� �EXUQLQJ�

WLPH�GHSHQGV�RQ�WKH�PDWHULDO��

&RROLQJ� WKH� ELRFKDU�� $OORZLQJ� LW� WR� FRRO�

QDWXUDOO\�RU�XVLQJ�ZDWHU�

3UHVHUYLQJ�ELRFKDU��6WRULQJ�ELRFKDU�VDPSOHV�LQ�

containers� at� room� temperature�(25°C),�avoiding�
GLUHFW�VXQOLJKW�

6RPH�W\SHV�RI�ELRFKDU�SURGXFHG�XVLQJ�S\URO\VLV�

NLOQ�WHFKQRORJ\�

•�Biochar�derived�from�rice�husks�–�BC�01

•�Biochar�derived�from�coconut�shells�–�BC�02

•�Biochar�derived�from�miscellaneous�wood�–�
%&���

•� %LRFKDU� GHULYHG� IURP� ZRRG� VFUDSV� �OHIWRYHU�

forestry�production�materials)�–�BC�04

2.2.3.�Statistical�Data�Processing

&RPSLOLQJ�DOO�GDWD� DQDO\]HG�RQ� WKH�VWUXFWXUDO�

FKDUDFWHULVWLFV�DQG�IXQFWLRQV�RI�WKH�S\URO\VLV�NLOQ�

8VLQJ� WKH� DJJUHJDWHG� GDWD� WR� HYDOXDWH� HDFK�

FULWHULRQ�DQG�ZULWH�WKH�UHSRUW�

(PSOR\LQJ�VRIWZDUH�VXFK�DV�([FHO��:RUG��DQG�

$XWR&$'�GXULQJ�WKH�UHVHDUFK�SURFHVV�

3.�Results�and�Discussion

�����&KDUDFWHULVWLFV��)XQFWLRQV��DQG�2SHUDWLQJ�
3ULQFLSOHV�RI�$QDHURELF�3\URO\VLV�.LOQV

3.1.1.� Characteristics� and� Functions� of�
Anaerobic�Pyrolysis�Kilns

7KH�VWUXFWXUH�RI�WKH�DQDHURELF�S\URO\VLV�NLOQ�LV�

F\OLQGULFDO�DQG�FRQVLVWV�RI�WZR�PDLQ�SDUWV���L��WKH�

NLOQ�ERG\�DQG��LL��WKH�NLOQ�OLG��)LJXUH���LOOXVWUDWHV�

WKH�FRPSOHWH�VWUXFWXUH�RI�WKH�S\URO\VLV�NLOQ�

Figure�1.�Structure�of�the�pyrolysis�kiln Figure�2.�Structure�of�the�Kiln�Rotating�Wheel

'HVFULSWLRQ�RI�WKH�6WUXFWXUDO�&KDUDFWHULVWLFV�DQG�)XQFWLRQV�RI�WKH�$QDHURELF�3\URO\VLV�.LOQ�

(i)�Kiln�Body:

��.LOQ�5RWDWLRQ�6\VWHP��7KH�NLOQ�URWDWLRQ�V\VWHP�KDV�D�ZKHHO�ZLWK�DQ�LQQHU�ULP�GLDPHWHU�RI�¡�����DQG�

DQ�RXWHU�ULP�GLDPHWHU�RI�¡������)LJXUH�����7KLV�V\VWHP�SOD\V�D�UROH�LQ�DGMXVWLQJ�WKH�ELRFKDU�FRPEXVWLRQ�

FKDPEHU��$IWHU�WKH�ELRFKDU�LV�FRROHG��WKH�URWDWLRQ�V\VWHP�FDQ�EH�DGMXVWHG�WR�GLVFKDUJH�WKH�ELRFKDU�

��.LOQ�6XSSRUW�)UDPH��7KH� VXSSRUW� IUDPH�PHDVXUHV������FP� LQ� OHQJWK�DQG������FP� LQ�ZLGWK�� ,W�

supports�the�entire�kiln�body�and�is�equipped�with�rotating�wheels,�making�it�easy�to�move�the�kiln.
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�� &RPEXVWLRQ�&KDPEHU��7KLV� LV�ZKHUH� WKH�

S\URO\VLV� SURFHVV� RFFXUV��ZLWK� RUJDQLF�PDWHULDOV�

burned� in� an� oxygen-de¿cient�environment.� The�

FKDPEHU�LV�F\OLQGULFDO��ZLWK�D�GLDPHWHU�RI�¡������D�

FKDPEHU�ERG\�KHLJKW�RI������FP��DQG�D�WRWDO�NLOQ�

KHLJKW��IURP�WKH�URWDWLQJ�ZKHHO�EDVH�WR�WKH�OLG��RI�

�����FP�

(ii)�Kiln�Lid

The�kiln�lid�includes�a�gas�¿ltration�system�and�

D�FRQGHQVDWLRQ�XQLW�IRU�ZRRG�YLQHJDU��D�VHFRQGDU\�

SURGXFW� REWDLQHG� DIWHU� ELRFKDU� SURGXFWLRQ��� 7KH�

OLG�PHDVXUHV�����FP�LQ�OHQJWK������FP�LQ�ZLGWK��

and� features� a� lique¿ed� gas� container� for� wood�
YLQHJDU�ZLWK�D�KHLJKW�RI����FP�

([KDXVW� *DV� 7UHDWPHQW� 6\VWHP�� 7R� HQVXUH�

FRPSOLDQFH� ZLWK� HQYLURQPHQWDO� UHJXODWLRQV��

the� anaerobic�pyrolysis�kiln� is�equipped�with�an�
H[KDXVW� JDV� WUHDWPHQW� V\VWHP� WKDW� LQFOXGHV� DQ�

activated�carbon�¿lter.�This�system�¿lters�harmful�
JDVHV� VXFK� DV� &2�� DQG� &+�� JHQHUDWHG� GXULQJ�

pyrolysis.� The� inner� rim� of� the� ¿lter� system�
PHDVXUHV�¡������ZKLOH� WKH�RXWHU� ULP�PHDVXUHV�¡�

430.�Additionally,�the�gas�¿ltration�unit�lid�has�a�
YHQW�KROH�GLDPHWHU�RI�¡�����PDWFKLQJ�WKH�GLDPHWHU�

RI�WKH�JDV�GXFW��)LJXUH����

��������

)LJXUH����6WUXFWXUH�RI�WKH�$LU�)LOWUDWLRQ�E\�$FWLYDWHG�&DUERQ�

*DV�&RQGHQVDWLRQ�8QLW��7KH�JDV�FRQGHQVDWLRQ�XQLW�LV� XVHG�WR�FRRO� DQG�FRQGHQVH�JDVHV�JHQHUDWHG�

during�the�anaerobic�combustion�process�into�liquid�form.�This�liquid,�known�as�wood�vinegar�(a�type�
of�aqueous�solution�and�secondary�product),�has�an�inner�circular�diameter�of�ø�200�and�an�outer�circular�
GLDPHWHU�RI�¡������)LJXUH����

��������

Figure�4.�Structure�of�the�Gas�Condensation�Unit�and�Lique¿ed�Gas�Release�Valve
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3.1.2.� Operating� Principles� of� the� Anaerobic�
Pyrolysis�Kiln

'U\� PDWHULDOV� �RUJDQLF� ZDVWH�� DJULFXOWXUDO�

E\�SURGXFWV�� ZRRG� SURFHVVLQJ� UHVLGXHV�� HWF��� DUH�

SODFHG� LQ� WKH�FRPEXVWLRQ�FKDPEHU��1H[W��WKH� IDQ�

LV� WXUQHG� RQ��DQG� WKH� DLU� VXSSO\�YDOYH� LV� RSHQHG�

at� the�kiln�inlet.�A�¿re� is� ignited�at�the�kiln�door�
WR� SURYLGH� KHDW� IRU� WKH� FRPEXVWLRQ� FKDPEHU��

$IWHU�DSSUR[LPDWHO\���PLQXWHV�RI�LJQLWLRQ��ZKHQ�

WKH� FRPEXVWLRQ� FKDPEHU� UHDFKHV� D� WHPSHUDWXUH�

of�400°C,� the�air� supply�valve�to� the�chamber�is�
closed� to� create� an� oxygen-de¿cient� combustion�
HQYLURQPHQW�

'XULQJ�WKLV�OLPLWHG�R[\JHQ�FRPEXVWLRQ�SURFHVV��

YDULRXV� FRPEXVWLEOH� DQG� QRQ�FRPEXVWLEOH� JDVHV�

DUH� GLUHFWHG� WKURXJK� D� JDV� SLSH� LQWR� D� FRQWDLQHU�

with�lime�water�(Ca(OH)2�solution)�for�¿ltration�
DQG� FRQGHQVDWLRQ�� 7KH� NLOQ� LV� FRQVWUXFWHG� ZLWK�

D� ��PP�WKLFN� OD\HU� RI� KHDW�UHVLVWDQW� VWHHO�

VXUURXQGLQJ� WKH� NLOQ� ERG\�� HQVXULQJ� WKH� NLOQ�

remains� una൵ected�by�extreme� temperatures�and�
GRHV� QRW� FUDFN� GXULQJ� ELRFKDU� SURGXFWLRQ�� 7KLV�

FRQVWUXFWLRQ� DOVR� HQVXUHV� WKH� ELRFKDU� SURGXFHG�

meets�high-quality�standards.

'XULQJ� ELRFKDU� SURGXFWLRQ�� FRPSOH[� DQG�

simultaneous�reactions�occur�at�di൵erent�locations�
LQ�WKH�NLOQ�DQG�RQ�LQGLYLGXDO�SDUWLFOHV�RI�ELRPDVV�

feedstock.� Biomass� gasi¿cation� involves� four�
VWDJHV�

'U\LQJ�6WDJH�

8VLQJ�KHDW��ZDWHU�HYDSRUDWHV�IURP�WKH�PDWHULDO��

This�is�bene¿cial�as�excess�water�reduces�oxidation�

WHPSHUDWXUH� DQG� SUHYHQWV� FOHDQ� JDV� SURGXFWLRQ��

3K\VLFDO�ZDWHU� VHSDUDWLRQ�RFFXUV� DW� WHPSHUDWXUHV�

of�90–100°C.

3\URO\VLV�6WDJH�

Carbon�chains�break�down�at�400°C,�forming�
D� PL[WXUH� RI� JDVHV� LQFOXGLQJ� &2�� &2

�
�� &+���

&Q+Q������HWF�

&RPEXVWLRQ�6WDJH�

,Q� WKH� FRPEXVWLRQ� FKDPEHU�� ZLWK� OLPLWHG�

R[\JHQ��KHDW�LV�JHQHUDWHG�WR�VXVWDLQ�WKH�S\URO\VLV�

SURFHVV�
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Gasi¿cation�Stage�(Reduction):
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6XFFHVVLYH�UHYHUVLEOH�UHDFWLRQV�RFFXU��UHDFKLQJ�

equilibrium:

&2���+
�
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�����'HYHORSPHQW�RI�D�SURFHVV�IRU�SURGXFLQJ�
ELRFKDU� IURP� DJULFXOWUDO� E\�SURGXFW� XVLQJ�
DQDHURELF�S\URO\VLV�NLOQ�

7KURXJK� H[SHULPHQWDO� SURFHGXUHV� �)LJXUH� ����

WKH�SURFHVV�RI�WULDO�ELRFKDU�SURGXFWLRQ�IURP�YDULRXV�

ZDVWH�VRXUFHV�XVLQJ�WKH�DQDHURELF�S\URO\VLV�NLOQ�LV�

GHVFULEHG�WKURXJK�WKH�IROORZLQJ�PDLQ�VWHSV�

Figure�5.�Experimental�Images�of�Biochar�Production�and�Analysis:��
(a)�Raw�wood�materials,�(b)�Biochar�derived�from�wood�materials,�(c)�SEM�image�of�the�biochar
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�L��6WHS����0DWHULDO�3UHSDUDWLRQ

7KH�PDWHULDOV�XVHG� LQ�WKH�DQDHURELF�S\URO\VLV�

SURFHVV� LQ� WKLV� VWXG\� DUH� ZRRG� VFUDSV�� VDZGXVW��

ULFH�KXVN��DQG�FRFRQXW�VKHOOV�

6DZGXVW�� ZRRG� ZDVWH�� DQG� ZRRG� VFUDSV� DUH�

FROOHFWHG� IURP� ZRRG� SURGXFWLRQ� ZRUNVKRSV� LQ�

'RQJ�+\�'LVWULFW��7KDL�1JX\HQ�3URYLQFH�

5LFH� KXVN� LV� FROOHFWHG� IURP�PLOOLQJ� IDFLOLWLHV�

DURXQG�'RQJ�+\�'LVWULFW��7KDL�1JX\HQ�3URYLQFH�

&RFRQXW� VKHOOV� DUH� FROOHFWHG� IURP� WKH� 'RQJ�

4XDQJ�PDUNHW�DUHD�LQ�7KDL�1JX\HQ�&LW\�

�LL��6WHS����0DWHULDO�3UHSURFHVVLQJ

Clean� the� materials:�Wash� the�materials� 2–3�
WLPHV�ZLWK�FOHDQ�ZDWHU�WR�HQVXUH�WKH\�DUH�IUHH�IURP�

GLUW�DQG�RUJDQLF�PDWWHU�

'U\�WKH�PDWHULDOV�XQGHU�GLUHFW�VXQOLJKW�IRU�����

days� or� dry� them�at� a� temperature�of� 80-120°C.�
�1RWH��(QVXUH� WKH�PDWHULDOV�DUH� WKRURXJKO\�GULHG�

WR��������PRLVWXUH�FRQWHQW��

*ULQGLQJ�� $IWHU� GU\LQJ�� JULQG� RU� FKRS� WKH�

PDWHULDOV�LQWR�VPDOO�SLHFHV��6WRUH�WKH�PDWHULDOV�LQ�

D�GU\�SODFH��DYRLG�GDPS�DUHDV��

1RWH�� 7KH� PDWHULDOV�� DIWHU� SUHSURFHVVLQJ�

DQG� WUHDWPHQW�� VKRXOG� EH� IUHH� IURP� XQZDQWHG�

LPSXULWLHV��FXW�LQWR�VPDOO�SLHFHV��RU�JURXQG�WR�WKH�

DSSURSULDWH�VL]H�IRU�WKH�S\URO\VLV�SURFHVV�

�LLL��6WHS����3\URO\VLV�RI�0DWHULDOV

7KH� PDWHULDOV� DUH� SODFHG� LQWR� WKH� S\URO\VLV�

NLOQ�� ZKHUH� WKH� S\URO\VLV� SURFHVV� RFFXUV�� ,Q� WKH�

NLOQ��WKH�PDWHULDOV�DUH�EXUQHG�LQ�D�OLPLWHG�R[\JHQ�

HQYLURQPHQW��PHDQLQJ�R[\JHQ�LV�HLWKHU�DEVHQW�RU�

UHVWULFWHG�

,QVWDOO�D�IDQ�WR�EORZ�DLU�LQWR�WKH�NLOQ�

Place� a� layer� of� straw� (or� other� Àammable�
PDWHULDO� VXFK� DV� GU\� ZRRG� SLHFHV� RU� NLQGOLQJ��

DERXW� ���FP� WKLFN� DW� WKH�ERWWRP� RI� WKH�NLOQ� DQG�

LJQLWH� LW� EHIRUH� DGGLQJ� WKH�PDWHULDOV� IRU� ELRFKDU�

SURGXFWLRQ�

/RDG� WKH� SUHSURFHVVHG� PDWHULDOV� LQWR� WKH�

S\URO\VLV�NLOQ�

3RXU�ZDWHU� LQWR� WKH� JDS� EHWZHHQ� WKH� OLG� DQG�

WKH�ERG\�RI�WKH�NLOQ�WR�SUHYHQW�JDV�IURP�HVFDSLQJ��

HQVXULQJ� WKH�EHVW�DQDHURELF�FRQGLWLRQV�LQVLGH�WKH�

NLOQ�� &RQWLQXH� DGGLQJ� ZDWHU� �OLPHZDWHU�� WR� WKH�

FRQWDLQHU� RQ� WRS� RI� WKH� NLOQ� OLG� XQWLO� LW� LV� QHDUO\�

IXOO�

%XUQ�WKH�PDWHULDOV�IRU�������KRXUV��GHSHQGLQJ�

on�the�material)�at�a�temperature�of�400°C.

�LY��6WHS����&RROLQJ�WKH�%LRFKDU

$OORZ�WKH�ELRFKDU�WR�FRRO�QDWXUDOO\�IRU�DERXW���

KRXU��WKHQ�WUDQVIHU�LW�WR�D�FOHDQ��GU\�WDUS�

,I�QHFHVVDU\��ZDWHU�FDQ�EH�XVHG�WR�VSHHG�XS�WKH�

FRROLQJ�SURFHVV��EXW�RQFH�UHPRYHG�IURP�WKH�NLOQ��

WKH�ELRFKDU�VKRXOG�EH�GULHG�RU� IXUWKHU�KHDWHG� �DW�

80-120°C).

�Y��6WHS����6WRULQJ�DQG�3UHVHUYLQJ�WKH�%LRFKDU

6WRUH�WKH�ELRFKDU�LQ�D�VDPSOH�FRQWDLQHU�DW�URRP�

temperature�(25°C).

(QVXUH� WKH� ELRFKDU� FRQWDLQHU� LV� NHSW� GU\� DQG�

not�exposed�to�moisture�or�mold,�as�this�can�a൵ect�
the�quality�of�the�biochar.

3.3.� Evaluation� of� the� eৼectiveness� and�
SRWHQWLDO�DSSOLFDWLRQV�RI�$QDHURELF�S\URO\VLV�NLOQ�

,Q� WKLV� VWXG\�� WKH� VPRNH� HPLWWHG� GXULQJ� WKH�

S\URO\VLV�SURFHVV��LQVWHDG�RI�EHLQJ�UHOHDVHG�GLUHFWO\�

LQWR� WKH� HQYLURQPHQW� FDXVLQJ� SROOXWLRQ�� ZLOO� EH�

UDSLGO\� FRROHG� IRU� FRQGHQVDWLRQ� DQG� UHFRYHU\��

The�gas�¿ltration�unit�recovers�a�very�useful�by-
product:�Wood�vinegar�solution�–�a�product�with�
many�potential�applications,�including�in�the�¿eld�
RI�SROOXWLRQ�WUHDWPHQW�

:RRG� YLQHJDU� VROXWLRQ� (Pyrolygneous� acids)�
LV� UHFRYHUHG� IURP� WKH� S\URO\VLV� RI� DJULFXOWXUDO�

DQG� IRUHVWU\� ZDVWH�� RUJDQLF� ZDVWH�� HWF�� 7KH�

FRPSRVLWLRQ�DQG� SURSHUWLHV� RI� WKH�ZRRG� YLQHJDU�

VROXWLRQ�DUH�VKRZQ�LQ�7DEOH���
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Table�1.�Analysis�results�of�the�chemical�and�
physical�properties�of�Pyrolygneous�acids�

solution�recovered�from�pyrolysis�technology

Or. Parameters Unit Results

� :DWHU�FRQWHQW J�����P/ ����

� $FLG�DFHWLF� J�����P/ ����

� )RUPDOGHK\GH PJ�/ ����

� $UVHQLF PJ�/ ��/24��/24��

������PJ�/

� 0HUFXU\ PJ�/ .3+�1'

/2'�������PJ�/

� 0HWKDQRO �9�9 �����

� 3KHQRO�DQG�SKHQRO�

GHULYDWLYHV�FRQWHQW

PJ�/ ����

7DEOH� �� VKRZV� WKDW� WKH� FRPSRVLWLRQ� RI�ZRRG�

YLQHJDU� VROXWLRQ�PDLQO\�FRQVLVWV� RI�ZDWHU�� DFHWLF�

DFLG�� IRUPDOGHK\GH�� PHWKDQRO�� DQG� SKHQRO�� ZLWK�

FRQFHQWUDWLRQV�RI����J����P/�������J����P/�������

PJ�/���������9�9��DQG������PJ�/��UHVSHFWLYHO\��

$GGLWLRQDOO\�� ZRRG� YLQHJDU� KDV� D� FKDUDFWHULVWLF�

VPRN\� RGRU�� D� FRORU� UDQJLQJ� IURP� UHGGLVK�

EURZQ� WR� GDUN� \HOORZ�� KLJK� SXULW\�� DQG� VWURQJ�

anti-inÀammatory,� antibacterial,� and� antioxidant�
SURSHUWLHV��7KHUHIRUH��ZRRG�YLQHJDU�FDQ�EH�XVHG�DV�

DQ� RUJDQLF�DQG�HQYLURQPHQWDOO\� IULHQGO\� SURGXFW�

that�can�be�applied�across�various�¿elds.

3RWHQWLDO�$SSOLFDWLRQV� RI� 3\URO\JQHRXV� DFLGV�

VROXWLRQ�LQ�(QYLURQPHQWDO�3URWHFWLRQ

:DVWHZDWHU� 7UHDWPHQW�� :RRG� YLQHJDU� KDV�

WKH� DELOLW\� WR� DGVRUE� SROOXWDQWV� LQ�ZDWHU� VXFK� DV�

KHDY\� PHWDOV�� RUJDQLF� FRPSRXQGV�� DQG� RWKHU�

FRQWDPLQDQWV��8VLQJ�ZRRG�YLQHJDU�LQ�ZDVWHZDWHU�

WUHDWPHQW� FDQ� KHOS� UHPRYH� WKHVH� SROOXWDQWV� DQG�

improve� the� quality� of� wastewater� before� it� is�
UHOHDVHG�LQWR�WKH�QDWXUDO�HQYLURQPHQW�

6RLO� ,PSURYHPHQW�� 3\URO\JQHRXV� DFLGV� DOVR�

KDV�WKH�DELOLW\�WR�HQKDQFH�VRLO�IHUWLOLW\�DQG�LPSURYH�

soil�quality.

$GVRUSWLRQ� RI� (PLVVLRQV� DQG� 2GRUV�� :RRG�

YLQHJDU�KDV�VWURQJ�DGVRUSWLRQ�SURSHUWLHV�DQG�FDQ�

UHPRYH� SROOXWDQWV� IURP� HPLVVLRQV� VRXUFHV� VXFK�

as� industrial� plants,� tra൶c,� and� waste� treatment�

systems.�Additionally,�wood�vinegar�has�e൵ective�
GHRGRUL]LQJ� FDSDELOLWLHV�� KHOSLQJ� WR� UHGXFH�

XQSOHDVDQW�RGRUV�IURP�SROOXWLRQ�VRXUFHV�

4.�Conclusion

� ,Q� WKH� H[SHULPHQWDO� SURFHVV�� WKH� UHVHDUFK�
¿ndings�include:

6HYHUDO� GHWDLOHG� FKDUDFWHULVWLFV� RI� WKH�

FRQVWUXFWLRQ� �IXUQDFH� ERG\� DQG� OLG��� IXQFWLRQ��

DQG�RSHUDWLQJ�SULQFLSOH�RI�WKH�DQDHURELF�S\URO\VLV�

IXUQDFH�WHFKQRORJ\�

7KH� UHVHDUFK� DQG� LPSURYHPHQW� RI� WKH� ��VWHS�

SURFHVV� LQ�ELRFKDU� �76+��SURGXFWLRQ�IURP�ZDVWH�

DQG� DJULFXOWXUDO� E\�SURGXFWV� XVLQJ� S\URO\VLV�

IXUQDFH� WHFKQRORJ\�� 7KHVH� VWHSV� LQFOXGH�� �L��

UDZ� PDWHULDO� SUHSDUDWLRQ�� �LL�� UDZ� PDWHULDO�

SUHSURFHVVLQJ�� �LLL�� S\URO\VLV�LQFLQHUDWLRQ� RI�

76+�� �LY�� FRROLQJ� RI� 76+�� DQG� �Y�� VWRUDJH� DQG�

SUHVHUYDWLRQ�RI�WKH�76+�SURGXFW�

7KH�S\URO\VLV�SURFHVV�SURGXFHV�ZRRG�YLQHJDU�

DV� D�E\�SURGXFW��D� IRUP�RI�³3\URO\JQHRXV� DFLGV´�

that�is�bene¿cial�for�the�environment�and�provides�
FRPPHUFLDO�YDOXH�

�)XWXUH�5HVHDUFK�

&RQWLQXH� WR� XSJUDGH� DQG� DSSO\� DGYDQFHG�

WHFKQRORJLHV� �$,�� VHQVRUV�� HWF��� WR� LPSURYH� WKH�

DQDHURELF�S\URO\VLV�IXUQDFH�

6WXG\� WKH� DSSOLFDWLRQ� RI� ZRRG� YLQHJDU� LQ�

DJULFXOWXUH�DQG�HQYLURQPHQWDO�SURWHFWLRQ�
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