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Study on Selective Laser Sintering Process Parameters of Walnut Shell/
Phenolic Resin Biomass Composite Material

LI Yicong, LI Jian, GUO Yanling "
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Abstract ; Heilongjiang Province, as a major agricultural and forestry province, is rich in walnuts. This kind of shell is rich in
source and high in yield. At the same time, it is accompanied by a large number of agricultural wastes. In order to improve this situa-
tion, it is necessary to make rational use of waste walnut shells. In this experiment, waste walnut shell was selected as the powder ma-
trix material, and phenolic resin powder with rich carbon content was used as the binder to prepare walnut shell / phenolic resin bio-
mass composites for selective laser sintering. It can not only expand the types of biomass composite powder, but also customize the por-
ous carbon precursor with complex structure through the three—dimensional nature of the technology, and contribute to seawater desali-
nation and new energy. The orthogonal experimental scheme of four factors and three levels was established. The influence of laser
power, scanning speed, scanning spacing and layer thickness on the density, bending strength and Z—-axis accuracy of sintered parts
was discussed by variance analysis and comprehensive weighted evaluation method. The optimal combination of laser sintering process
parameters was determined, and the sintering section of the molded parts was characterized by scanning electron microscopy ( SEM).
The experimental results showed that the laser power had the greatest influence on the density, bending strength and Z-axis accuracy of
the sintered parts. The scanning speed had the least influence on the density and bending strength of the sintered parts. The factor that
had the least influence on the Z—axis accuracy was the scanning spacing. The optimal process parameter combination is: laser power
10 W, scanning speed 2 m / s, scanning spacing 0. 1 mm, layered thickness 0. 12 mm.
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Fig. 2 Microscopic electron microscopy of phenolic resin powder
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Tab. 1 Orthogonal test table
ErRe WOLThH(A) /W FREE(B)/(mm - s7") HE§EHE(C) /mm SYZIEE (D) /mm
Number Laser power Scanning speed Line advance Layer thickness
1 A,(8) B,(1800) €,(0.100) D,(0.08)
2 A,(8) B,(2 000) ,(0.125) D,(0.10)
3 A,(8) B,(2200) €,(0.150) D,(0.12)
4 4,(10) B,(1800) C,(0.125) D5(0.12)
5 4,(10) B,(2 000) €,(0.150) D,(0.08)
6 A,(10) B4(2 200) €,(0.100) D,(0.10)
7 A,(12) B,(1800) €,(0.150) D,(0.10)
8 A,(12) B,(2 000) €,(0.100) D4(0.12)
9 A;(12) B,(2200) C,(0.125) D,(0.08)
2 EXHBER 2.3.1 HE 2N
Tab. 2 Results of orthogonal experiment m3E 3 5K 4 B g4 o] Fn , BOCTh &R (A) LA
- - B/ 7 MR RE (%) IZXV fiﬁﬁ,‘iﬁj‘(ﬁ'ﬁﬁ]%iﬂﬂ%fﬁﬁ%?ﬁﬁ%ﬁ%i%{ﬁ%jt,
Number Bend stongh (BT 7-avis PR I E T LS5 A M O (SR
Density aceuracy W2 RGN, A EE (B) LA 1 800 mm/s f L,
1 0.719 0.607 82.25 TR RIS, A 2R ks I AL F) i e % 3 il e v, ol
2 0.340 0.529 92.25 PR RS N, WO (C) L 0. 100 mm i
3 0.057 0.441 93.75 P, PG (R FE R AT, by R WU 252 i 2 B R A
4 0.760 0. 602 85.50 OB % B LR K, 432 )2 (D) LL 0. 08 mm i
5 0646 0599 88.75 U Ry A RIORL 43 )22 22 JEE /0N | hn T )2 oy SR A Tl 44
) 0785 0-005 8730 BEFESY , WO e X e 4% o A0 R 58 4, B /N 4 2
; o o o JRIE R KA Bk bR 2 B . AT 2 (S) 43T T
0 0.923 0 628 8150 A BOET R (A) X R RO % B 52 ) i ok 2,
ARV ESCHARERIEE (C) 42 (D) A E
PR WP e (s JE(B). WNEIEMTER SR LR L T 2B
oni3 Y on A RBOEYIR 12 W HIHEEE 1 800 mm/s FH4

R m, IR 9 AT 0 WK
Y kAT R M, R IR 5N A
R W2 S, Fdr 2% T Rl S il

[B]#E 0. 100 mm 4325 0. 08 mm, Bl A,B,C,D,,
H1 3 Pl T LA i O A8 S T 24
PO P 2R 1 R AR G 4 Bs

K3 EERESN

Tab. 3 Density variance analysis

% OGS (4) /W FHIHIE(B)/(mm - 57" FHIEEC)/mm SYRIEHE(D) /ram
Factor Laser power Scanning speed Line advance Layer thickness
M, 1.578 1. 800 1.848 1.833

M, 1. 806 1.764 1.758 1.725

M, 1.854 1.674 1.632 1.677

m; 0.526 0. 600 0.616 0.611

m, 0. 602 0. 588 0. 586 0.575

m; 0.618 0.558 0. 544 0.559

R; 0.092 0.042 0.072 0.052

S; 0.015 0.003 0.008 0. 004

M (i=1,2,3) R SFTR R KR § BB m(i=1,2,3) A YR 2 TR i % R e,

Note : M;(i=1, 2, 3 ) is the sum of the density of level i under the current factor. m;(i=1, 2, 3) is the density mean of level i under the current factor.
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Tab. 4 Bend strength variance analysis

EES WL/ W I E/ (mm - s7") R E R/ mm 43 2R/ mm
Factor Laser power Scanning speed Line advance Layer thickness
M, 1. 116 2.205 2.424 2.289
M, 2.190 1.905 2.022 1.851
M, 2.571 1.764 1.431 1.737
m, 0.372 0.735 0. 808 0.763
m, 0.730 0.635 0.674 0.617
ms 0. 857 0.588 0.477 0.579
R; 0.485 0. 147 0.331 0.184
S; 0.380 0.030 0. 167 0.057

HM(i=1,2,3) YT E T KR @ 592 ISR Z Flm,(i=1,2,3) A SFTHE KN @ B9 dhsR M,

Note: M;(i=1, 2, 3) is the sum of the bending strength of i under the current factor. m;(i=1, 2, 3) is the mean value of bending strength at the

level of i under the current factor.
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Tab. 5 Z-axis accuracy variance analysis

K% WOCThE /W fﬂfﬁiﬁfg/(mm . sfl) A/ mm A3 )2 IR/ mm
Factor Laser power Scanning speed Line advance Layer thickness
M, 268. 431 250. 749 255.750 252.501
M, 261. 750 267. 000 259.251 262.749
M, 250. 500 262.749 265. 500 265.251
my 89.477 83.583 85.250 84. 167
m, 87.250 89. 000 86.417 87.583
my 83.500 87.583 88. 500 88.417
R; 5.917 5.417 3.250 4.250
S; 86. 147 47.005 16.437 30. 601

M (i=1,2,3) FYFIRNE T KR i 69 Z WSR2 A m,(i=1,2,3) ASETHNE RN i 89 7 ks (e,

Note: M;(i=1, 2, 3) is the sum of the Z~axis accuracy of level i under the current factor. m;(i=1, 2, 3) is the mean value of Z-axis accuracy

with level i under the current factor.
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Tab. 6 Orthogonal experimental results under comprehensive weighting method

BERE/MPa  ZHIRIEE(%) W/ (g em™) ZRA AL

5%

Number A B ¢ b Bend strength Z—axis accuracy Density Aggregative weight
1 A,(8) B,(1800) (€,(0.100) D,(0.08) 0.719 82.25 0. 607 0.416
2 A(8) B,(2000)  C,(0.125)  D,(0.10) 0.340 92.25 0.529 0.527
3 A,(8) B;(2200)  C5(0.150)  D4(0.12) 0.057 93.75 0.441 0. 400
4 A,(10) B,(1800)  C,(0.125)  D4(0.12) 0. 760 85.50 0. 602 0.538
5 A,(10) B,(2000)  C4(0.150)  D,(0.08) 0. 646 88.75 0.599 0.590
6 A,(10) B;(2200)  €,(0.100)  D,(0.10) 0.785 87.50 0. 605 0.617
7 A;(12) B(1800)  €5(0.150)  D,(0.10) 0.727 83.00 0.592 0.436
8 A5(12) B,(2000)  €,(0.100)  D5(0.12) 0. 920 86.00 0.635 0. 646
9 A5(12) B5(2200)  C,(0.125)  D,(0.08) 0.923 81.50 0. 628 0. 496
K, 1. 344 1. 389 1. 680 1. 503
K, 1. 746 1. 764 1. 560 1. 581
K, 1.578 1.512 1. 425 1. 584
k, 0. 448 0. 463 0. 560 0. 501
k, 0.582 0. 588 0. 520 0. 527
ks 0.526 0.504 0.475 0.528

0.134 0.125 0. 085 0.027
N 0.030 0.023 0.010 0.003

K (i=1,2,3) YA E T KR @ ZEE B Z Nk, (i=1,2,3) IYATHEE T KR @ BLES MBI E
Note : K;(i=1, 2, 3) is the sum of the comprehensive weighted values of the level i under the current factor. k;(i=1, 2, 3 ) is the comprehensive

weighted mean value of level ¢ under the current factor.

3 JTERMF R GeZ i SEM ZRAE

3.1 ¥ TENF

7 it T 428 AB,C D, A T T |
IS TR R0 AT EP A, JH: 3R T B 0, OB BOR BT L
PO Z 8 SFoh 113, 81 mm, SEPRITED Z Rl
R 128. 60 mm, Z FlRG IR 222 13% XS K 0 19

RERI BB R R L — i AR, EATED ) i

i i

ﬁﬁquﬁi VA Z‘FEEE‘% , EB *Z‘ *‘/‘I'Z,K% E[/‘J ‘fﬁ#}iﬁ“@’&% , Z: (a) Electrode model (b ) Printer model
AT e, Fh 23X IR 7 o B 7 A s B7 mERITENE
3.2 KRESWTE SEM FRAE Fig. 7 Models and printer models

TEREIALER, RO TLEZHABCD) % sl 1 M 72 5 48 K B4 1 09 7 T SEM
#Mgé%ﬁ(AleczDz) \%17!&422‘%&(143326103) ElanE 8 frs

-

= i 100 um 100 pm 3
(a) BETZSH (b) —RT.ZZH () RIETZZ%
(a) Poor process parameters (b ) General process parameters (‘¢ ) Optimal process parameters

8 ARIZSHTHMT/ BEEREEREEE SEM

Fig. 8 SEM diagram of walnut shell / phenolic resin sintering section under different process parameters



%53 3]

ZEINEE, A5 AZBk TS B R IR A W U A ARREE PO bR 45 T St

133

&

HIE 8 AT LUA ), 5022 T 2B %80(A,B,C,D,)
N BEEEEWT I A7 K LB, UKL 2 8] BE 45 AN T
oy JCEARR SR Z MR R ROR, LT R A E
PRGE IR — I T 2380 (A,B,C,D) T, ] LB 254 i
Wl 1) FL B DA S A A B I R PR 25 SR 45 5 e A T 2
ZH(AB,C\Dy) T, BRI IR/ A%k 7 S 5 W AN
FRBY N TE 23, J= 5 2 Z TR B 45 0 5 FLB R it
— BN B A I BUR R AR TT, BT LUl 55 B A
WL T,

4 HHE

AT IBAZRE T SRR IR BT R L 3 < 7,
A HUBR G 2 H 48 T A%k 5T/ 1 AN TG 2E ) ot 52
AR TEBPREE 66 °C 1A 1F T #E4T SLS 15,
RIS 2203 BT 898 1T AR FIBOG IR H T |
FARGEIEE | 53 )2 5 B T Be 4l 1 % B S il sk FE AN Z
VRS 2 Y 2 A ML AR 3 255 I RO R AT S 80U
b, 13 2LV RS E

1) POCT AR Ga gt 1155 B 25 il s B2 L K Z il
G BE B S Fe oAy 8 35 O ) 380 /NI 52 MR Ry AR
WA R 2R R X R S R
HEHES A G U IR i 8- A L U NN e
EREiiqETJEEN

2) RN/ ks A M L L S &
HALB,C, D, BVEEETIR 10 W FHHGEE 2 m/s
HEIFE 0.1 mm 2ZEE 0. 12 mm,

(& % X #k]

(1] e, sk Bt SRV EOL R A F Tt e [ 1] Vv
1kT.,2020(4) :56-57.

FENG S'Y, ZHANG H M. Research progress of selective
laser sintering[ J]. Jiangxi Chemical Industry, 2020(4) .
56-57.

[2] HEMs, £, 2 A5 EPRROLRe4s 3D FTE A
FERMIRFERERE[ 1] A TRIR R, 2020,48(8) :27-31,41.
GAN X P, WANG J Z, FEI G X , et al. Progress on poly-
mer material for SLS 3D printing[ J]. New Chemical Mate-
rials, 2020, 48(8) :27-31, 41.

[3] BEA, EPRN KRNI, 55, EHEIEHOGR 4SS BUE B &
SR G BAR ) ] . #51 ,2017,66(3) :258-262.
GONG Y X, WANG Q S, ZHU L ], et al. Review on the
progress of forming equipment and materials for SLS[ J].
Foundry, 2017, 66(3) . 258-262.

[4] RBPRE, ARH, 55 SRR MEROLEE S T R R 5T
PERELT]. PHEFTR ,2015,29(S2) :78-83.

WU Q, CHEN H, WU J, et al. Research progress of raw
materials for selective laser sintering [ J]. Materials Re-
ports, 2015, 29(S2) . 78-83.

[5] 8% HTF B 5 BOLT LSBT RO R

SETR A SR A2 [ ], g AR ,2018,39(4) .
790-793.
BAO F, FENG X P, MIAO F, et al. Influence of laser pa-
rameters on the strength of selective laser sintered coated sand
mold[ J]. Foundry Technology, 2018, 39(4) : 790-793.

[6] BU/ME EFEIEHOCEA B P RORT DT IE ()], ik
#4,2016,37(8) :1698-1700.

WEI X H. Research on precision of selective laser sinte-
ring technology[ J]. Foundry Technology, 2016, 37(8) :
1698-1700.

[7] RUBAN W, VIJAYAKUMAR V, DHANABAL P, et al.
Effective process parameters in selective laser sintering
[J]. International Journal of Rapid Manufacturing, 2014,
4(2/3/4) . 148.

(8] VHA, W, W, 5. BP0 s IR G Wbk
il g T HERE[ 1], fE T HERE ,2021,40(8) :4290-4304.
FENG D, WANG B, QI F W, et al. Research progress in
the preparation of polymer—based materials for selective la-
ser sintering[ J]. Chemical Industry and Engineering Pro-
gress, 2021, 40(8) . 4290-4304.

(9] sl skt %k, 55, AW BURER RT3 bR B
TEBUAR B J [ 1], A2 7412, 2022, 14(5) :66-T74.
HUANG P G, ZHANG Y, MENG Y, et al. Research sta-
tus and development trend of biomass—based natural fiber
packaging materials[ J]. Packing Journal, 2022, 14(5):
66-74.

[10] LIHL, GUO Y L, TONG S H, et al. Study on selective
laser sintering process and investment casting of rice
husk/Co—Polyamide ( Co—PA hotmelt adhesive) compos-
ite[ J].
2023, 36(6) : 2311-2331.

[11] IDRISSAIB, LIJ, GUO Y L, et al. Improved sintering

Journal of Thermoplastic Composite Materials,

quality and mechanical properties of peanut husk powder/
polyether sulfone composite for selective laser sintering
[J]. 3D Printing and Additive Manufacturing, 2023, 10
(1): 111-123.

[12] ZHANG Y H, CUI Y H, WANG S A, et al. Effect of
microwave treatment on bending properties of carbon
nanotube/wood plastic composites by selective laser sinte-
ring[ J]. Materials Letters, 2020, 267 127547.

[13] YUY Q, GUO Y L, JIANG T, et al. Study on process
and parameter optimization of selective laser sintering of
walnut shell composite powder[ J]. BioResources, 2018,
13(2) :3017-3029.



134

O TR

F40 &

[14]

[15]

[16]

[17]

[20]

[21]

Zef B — 5, BB, 45, FEF AN SIS A I B G I
PSR 3D FTED B A BRI T [ )] AR MK TH2,2017,33
(4):70-73.

LIJ, ZHAO Y J, ZHAO Y Z, et al. 3D printing and af-
terprocessing research based on wood—plastic SLS images
turning to emboss model[ J|. Forest Engineering, 2017,
33(4): 70-73.

IR XA X507 55 T ARSI EEREAA (3 A 1 i
ARBFFEREREL) ] Aol TAEEAR,2022,7(4) :22-30.

YAN C L, LIU D, LIU Z X, et al. Research progress of
additive manufacturing technology and equipment for
wood—plastic consumables[ J]. Journal of Forestry Engi-
neering, 2022, 7(4) . 22-30.

MR 5t SRR VT AR AR AR IX A BB S5 IR AR 5 R e xd
HLT). MRS ,2012(3) :67-69.

CHEN B G. The resource current situation and develop-
ment strategy of Juglans mandshurica Maxim. in the forest
industry region of Heilongjiang[ J]. Forest by — Product
and Speciality in China, 2012(3) . 67-69.

eS8 SRIeTT A BRARAR P B IEOT R ER0]. K
AT, 2011(4) : 15-16.

HE Y S. Status of forest unique resources development
and utilization specialty in Heilongjiang Province [ J].
Forest Investigation Design, 2011(4); 15-16.
TRARAR, T RO S A oe T 50 0 Jie S HLAE 9
ZUENYL SR BT S EE[ 1] JedE 4R, 2022,44(10)
9-13.

ZHANG D D, WANG X M, ZHAO H D, et al. Research
progress of walnut shells and prospect of its application in
textile printing and dyeing field[ J]. Textile Dyeing and
Finishing Journal, 2022, 44(10) .:9-13.
VR FR RS, BT SIS PUH T B AR BT RE R IT
FELT]. RRIETT TR e 71, 2015,29(2) :41-45.

XINZ S, GUO Y L. A study of the properties of rapidly—
prototyped wood — plastic composites based on SLS[J].
Journal of Heilongjiang Institute of Technology, 2015, 29
(2): 41-45.

PNEE, W, 5. T WA i ) T 5 0 e I i e i 3
[J]. BiBAET.,2022,47(1) :59-63.

SUN X, WANG G, LING F. Research progress and de-
velopment trend of phenolic resin[ J]. Shanghai Chemical
Industry, 2022, 47(1) : 59-63.

B, TR PR, Ty T A s BLAC S ) R R e i g [ ]
PR HER R ,2007,22(4) :47-50.

(22]

(23]

(24]

[25]

[26]

[27]

[28]

XUE B, ZHANG X L. Application and development
trend of phenolic resin[ J]. Thermosetting Resin, 2007,
22(4) . 47-50.

Wk, L3, b B R, T2 S8 PS/CF IRE MK
SLS ke RS BE R s2ma [ )], AR R, 2018,
46(3) :44-49.

YANG L X, WANG B, YANG F R. Effects of process
parameters on dimensional accuracy of PS/CF hybrid
powder sintering parts based on SLS[J]. Engineering
Plastics Application, 2018, 46(3) . 44-49.

PR R B, X T, 55 IR s A S R L
KA SB[ T]. MR TR 27 41, 2022,
27(6) :41-50.

LIZJ, HEJF, LIU Y, et al. Parameter optimization of
solenoid and double D —pads by orthogonal experiment
[J]. Journal of Harbin University of Science and Tech-
nology, 2022, 27(6) : 41-50.

NAIJU C D, MANOJ P K, GEORGE T T, et al. Study
on the effect of process parameters on reciprocating wear
behavior of components produced by selective laser sinte-
ring (SLS) [J]. Advanced Materials Research, 2012,
488/489; 1424-1428.

WU H H, SUN Y, PENG J H, et al. Effect of processing
parameters on dimensional accuracy and bending strength
of graphite flake/phenolic resin powder mixture in SLS
process[ J]. Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering
Science, 2019, 233(13) . 4497-4507.

VEI™ &, P A, e T 255 BT/ 1 28 B TE 4%
FESIRRAR ) ). SRR 2022,50( 1) :103-107.

PANG G F, TAO Q, YU P. Optimization of injection
molding of air cleaner based on synthetic weighted mark
method[ J]. Plastics Science and Technology, 2022, 50
(1):103-107.

MR, AR, AL, F. S A TR
[J]. PURE bk B4, 2006,26(2) :33-36.

ZHENG Z F, ZOU ] C, HUA B, et al. Study on the con-
stituents of walnut shell[ J]. Journal of Southwest Forest-
ry College, 2006, 26(2) : 33-36.

WAY Y, PUWANTO H, AICHOUNI M,
gation into the differences thermal properties of SLS poly-

et al. Investi-
mer powder materials using differential scanning calorime-
try (DSC)[J]. Applied Mechanics and Materials, 2014,
548/549. 53-56.



