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SCOPE

"Materials Science Forum" is a peer-reviewed journal which covers all aspects of theoretical and practical research of materials science:
synthesis, analysis of properties, technology of materials processing and their use. "Materials Science Forum" is one of the largest
periodicals in its �eld. "Materials Science Forum" specializes in the publication of thematically complete volumes from international
conference proceedings and complete special topic volumes. We do not publish stand-alone papers by individual authors. Authors retain
the right to publish an extended and signi�cantly updated version in another periodical.

Join the conversation about this journal

Kardigan Ra...

T-Shirt Ker... Jaket Parka...

Tas Serut Rok Model C...

T-Shirt DRY... Tas Bahu Mi...

40% OFF 35% OFF 22% OFF

40% OFF 25% OFF

Pakaian Dalam Pinggang Tinggi (Bunga
Mikro)

T-Shirt Kerah
Bulat Lengan
Pendek

Tas Serut GIRLS Rok Model
Celana Mini Denim

Kemeja
Broadcloth Extra
Fine Cotton Garis
Lengan Panjang

KIDS Jeans
Lembut Denim
Ultra Stretch

Rok Model Celana
Rapi
(Windowpane)

20% OFF 35% OFF 40% OFF

25% OFF 25% OFF 25% OFF

Quartiles

SJR

The SJR is a size-independent prestige indicator that

ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of

journals that accounts for both the number of citations

Total Documents

Evolution of the number of published documents. All

types of documents are considered, including citable
and non citable documents.

https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=JWRhS4oLNkIeA2ektnc_WcT8oQoaNFRPmlLAoJHSbMwYMOnK1B4Wu-92W_HHDQnf7XOZjfObwGQPwpnvws50NJa5dk-Een8LRSRc_CuSapcoyt-i8jRP-zVuBlwZbGPGbiM_THlVSnQb4LPz2KzhpqvOqLnwv7SQHSsc22xsz7MMIeeZN_ppzdQTGhPb8pdaP44SMYxprvMOcjhIzBxTXvRWu084IQPlPpbmzWvHwtOMIIM6kC32DyIdCMHjyeANYFP1QJlKFHlmUuPKOz9Mz0jjbZsRquOPAqqVDwfD64jTLSncAm02NfesYio3ZKHvkja-NHF-Mdnzh469qWEAOqSyUOcb1lRkvtWfx5Qg7sbMwjIj78rFjYYj5QKO2d4E9i8Y2C3KRL7C6SLSxKL75CsyHyHbgtEmYdVT0hch1Fbwir5DGhpSO1U9oWl35lW735smnkf5kU5reIHQQag2dy8kGPLugJTCNr97azAkmBzRzNTUumr-vxy0FbK04tCjD-kYLg&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2F%3Futm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DyDx1P65rAQDpGV2uGXBYSA
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=qGUKWIoLNkIeA2ektnc_WcT8oQoaNFRPmlLAoJHSbMwYMOnK1B4Wu-92W_HHDQnf7XOZjfObwGQPwpnvws50NJa5dk-Een8LRSRc_CuSapcoyt-i8jRP-zVuBlwZbGPGbiM_TCuFt10MT1MPqw3HMibpcmLF3s8LuDsOZWI_TTrSrBIgJZBR4YuBPnyWL8MkdRqI7CYUu792MqePvv9JwbL2_8Gk-MpRqHG0tHbE1ZwXdjhJysS0zKbczr-uskZw-GjX4zvQjqa92VV655AEYxHMG5849vG9Da7TE1gPztReu_ZF0E_YUCSj-WKVendYleqBWgfBG57GfyJXllZORaqnRRwZsnjqaiN34iWvnUk1Hk0VVFvmQbjop0R3wOdCgboXHucj0DSiDRc8YGlFLHvwCcEx2js_Gf-7HT4Z6-irU1gk6hRIrObfCTIPBPFlwZYU42AcnBnwtI-rj8y8nuA4-_JV5kjGlXc4gfO47cDm1Es5E6Kg7OgX2N5fpThkC-W_nA&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE451686-000%3FcolorCode%3DCOL01%26sizeCode%3DSMA003%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DV_4Jxq5rAQD4pSv-MkUEbA
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=TQgrZooLNkIeA2ektnc_WcT8oQoaNFRPmlLAoJHSbMwYMOnK1B4Wu-92W_HHDQnf7XOZjfObwGQPwpnvws50NJa5dk-Een8LRSRc_CuSapcoyt-i8jRP-zVuBlwZbGPGbiM_TCuFt10MT1MPqw3HMibpcmK5c3mwAUOU_VFrQEQcS4J425GP4SBF-4BqRFUTUvRNnSKVAkDOBSnSdp7HZ3c9LuwIu1OOQApsLswV0zwfnOSQwYFBfRJnlx5WQPbgEuxiudsUo1Hm0-8ZeeekGpXYWVAlmIPWef8PX5Hl6Ja62xJI0miqMUy1wfstdgkKJ6QECf2cb86YJlnw__M3GDK7JwdJBjECdFSzEuc8mITNOn2DDy-sc584BshCtJWoBlrIsHZGxc5HtORCJ2UuKERfrOYXKs9gVZ9lRSR3-UTQNBw__Pc1NW2VVWMnlgoBspQgH7TAKamueAHn1-yl2v9TJQbdGR7zLxW1m1HfVxVzRHl-S1EG0K95Pe-SPrUlT2Zg3frVr_Z0Gq5ItjpQbJu_-kM&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE424873-000%3FcolorCode%3DCOL58%26sizeCode%3DSMA008%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3D4sSWMK5rAQA08O7iyfrS_Q
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=xx7bYIoLNkIeA2ektnc_WcT8oQoaNFRPmlLAoJHSbMwYMOnK1B4Wu-92W_HHDQnf7XOZjfObwGQPwpnvws50NJa5dk-Een8LRSRc_CuSapcoyt-i8jRP-zVuBlwZbGPGbiM_TCuFt10MT1MPqw3HMibpcmKI2AUqD_VXMnK7sge3SfidHaGRXX6pkQbxHjjl75tAbMPV-C6vDRYv5z3LnDpzT5oAcvIjLEDxOnk5aHZuR3bVT70j1V29vbsidnOxL7qPp_9Cx5ITpAHMD2zDsL1rR5km9X7seI0eIjrTee59C95TkO0ZbYBHyQqH6gwbbWTi3Yi0QzyErKNXdGLVmVuE57MfHELLdY3QrJby5r0oKjoCbvv7dlYCRtozruYjADKmKblxDOKTDN1Lj5St7s92LI7ky6MvW8uZytOocsxejKcS41QxrXNLNyhL4RqmvKXZaxVwXs0xDqNQYpkE26haUNwza5af3XrleT5jXvTvy2GMQpd2fpKI9u_8okA52IzUG9EGH7kTLVjebQpNBVAiJNA&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE460915-000%3FcolorCode%3DCOL69%26sizeCode%3DSMA003%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3D5BiW365rAQCBIcjoEQvrUw
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=t5deJ4oLNkIeA2ektnc_WcT8oQoaNFRPmlLAoJHSbMwYMOnK1B4Wu-92W_HHDQnf7XOZjfObwGQPwpnvws50NJa5dk-Een8LRSRc_CuSapcoyt-i8jRP-zVuBlwZbGPGbiM_TCuFt10MT1MPqw3HMibpcmJC42LnhCl41rXp_aoWv69qDzGjVB4guJsMjChl_D8UalNvSNvrEHrLWhR9t42fzs3e4kUKVlUUZPRWdPhbAGfkh-e2GBzYIJ7w1WN690EZqfT5W9M42yBnCVAZ_wutq5q31Z1U9QhGVXVFih8ClSJfE3PqfJ8fWXH2k4USFmrepB0z8WVHucdlZ33VvQQCmBZ5zJ_cF3YvgrySFnfFR7s3Y8pg7iwjPhztw-LbiC5UVFloNq7pY2YEvjogISQ-KUrcmP79RZvSsdi5Xottt0kuX1kg3hdBxrC0L6pw5qBKU28gnwtsMVvH8l2Z8pVR1_hdiC8WP6FOWq3kvaD6-bfFS_LDStZlWuK4vFfIeYUuVlDhPSbhJ2VVw87NLnOR2CA&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE461185-000%3FcolorCode%3DCOL09%26sizeCode%3DSIZ999%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DjTPRz65rAQD3Co8jWl5e3A
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=P4cMQYoLNkIeA2ektnc_WcT8oQoaNFRPmlLAoJHSbMwYMOnK1B4Wu-92W_HHDQnf7XOZjfObwGQPwpnvws50NJa5dk-Een8LRSRc_CuSapcoyt-i8jRP-zVuBlwZbGPGbiM_TCuFt10MT1MPqw3HMibpcmJ3sjDYGkjZmOjwnyf3p8lAF-ZHAKcbqW6iAB2GB1DsIqv7InnGKdPhyDIZSc9Lq-G84iza6u_o_ISZzzDqVA9SkpIaft7joiJfQm3drq82Jsgzi7sB5VA8GqIfH0SXYClaDSnSNIqEb2iAW5L5PhdAYp-kHsr2O4WnA1z0OS93Q-CKRfogxXTN6-3tjvM0DMD90xMNb3q0wxxB54uADbsz_ijvssmnqoWN-9F5XmqmEb88BeMLLiKU_6SClt9SCMhqjin4rLpccbM_bMnkyYrl4h1zCemOKbsuCgQEIfWcpdNvKmnWMycaPY0c_xusivVcFRQJkQL2zqFGYqyJVQcz-nehuN6H_b27R1DlVjvaHAFt2G_dx2B4_rG41SHZzAA&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE461129-000%3FcolorCode%3DCOL69%26sizeCode%3DSMA003%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3Dakh2G65rAQB-kQw5AsdUaQ
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=2LHYTooLNkIeA2ektnc_WcT8oQoaNFRPmlLAoJHSbMwYMOnK1B4Wu-92W_HHDQnf7XOZjfObwGQPwpnvws50NJa5dk-Een8LRSRc_CuSapcoyt-i8jRP-zVuBlwZbGPGbiM_TCuFt10MT1MPqw3HMibpcmLBXzQwu2Dq5567KzNMEMM7jWjzK5fvJn2kVOCrUC9H3pxnT0CZKe8Fi-CzYqThiOr004B4x4Y4hFPXHHT25rIvCKLjjr6XzZ2JQ1aDGBnMggxPBCkURuZuDGMV9I4t-a6Ts92lci507K2ORtWdXlVuXZKTN_q043ySpkxjnH9UNPegJUcVNUnqti0ZIhVY9M-iJivCrXX0xUqrWGs3QNXhTJL67xS7mEvCTSTOwzf8ncp8iFtTFiMLocwaWvq6rDxMu0EuQCet4SdsV_ZKqbzpKskb8cVnPTf84Llvq0KdXp_4qZal3wcNrdYnfNPmUanEeA-6IkK3PMwpWo4ALKQtWhLTusMd1WSvBE5Y-gsXJQ&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE456772-000%3FcolorCode%3DCOL68%26sizeCode%3DSMA003%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3D_ZVA165rAQCotTxhnCg77g
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=sQPHO4oLNkIeA2ektnc_WcT8oQoaNFRPmlLAoJHSbMwYMOnK1B4Wu-92W_HHDQnf7XOZjfObwGQPwpnvws50NJa5dk-Een8LRSRc_CuSapcoyt-i8jRP-zVuBlwZbGPGbiM_TCuFt10MT1MPqw3HMibpcmIHviiHSLwl6rp-XYavZMi6bdwVv56JywF93DN0ihT5i8yFTKRCT10C2277R7ACpm7tqFcncJIHULUlfqLANub_8yDz-0vTlpSzUX2pwBiQgQ1CPuk9JSh-9mQlAUaAT3BmyI6Grv3OeU-7R2azIIlSyKWEYIp4fJp60KqArZoblfSLM_xQuIDeLuNQX0k9221eS4lB9P6Q4zwRQTWVwNCeRFd5Gu-aA3uencUlFI_oWPtU3Rf1gZUube7nL65ZAZkOLXWh43VB5_AjZxcZJcJj7GeERkgiYnVOJvcKqReVYPUXMORHuHDsoyA8LAzt_IybJUT5OzrAzzLd4tIQKID84cuOA-ds7m5JvffdjjLwyA&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE465875-001%3FcolorCode%3DCOL24%26sizeCode%3DSIZ999%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DGyxvRa5rAQBHYC34p3A27A
https://privacy.as.criteo.com/adchoices?cppv=3&cpp=UEsZ8_i2HLtDBekRyeSrO5CAr2qHqlC2H7aUkGS3DyxbdXSmvF2ZEBcwhD0xhqEcXsCTYlDOIQF57DrfGQ-H9B5QHxCqx_K9HiHqTvXTdOkU5Zjr1Xq8MR9usxjBT4Voqgdf-XZI3gPyMHJAQP4smIdSzc0
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=okzMGIoLNkIeA2ektnc_WcT8oQo0kfPdwt0YnzNEL7E5pKP2s7LVazzHmSwjO9Nr0eJJnDVXU6DKCVrUznqMB4ARDaYVNcfZVD5aDRyO31OB-vVNx9V67XiAa04_HGkRYZqM2LaA1LIv4VoGAWMDUtASdaW-JW-8sITiMT8DB2y-jwSj9XUL1u5XomKoyMUr7RFIYpkoFyr6v328Ye8dvtx9JDOCkTfbCR3Am5N7lC_crLunag6K8UihzTasMVghBHZWCk7F9PrScPD8hwOQvWQplY8EJTW0-O1pz_r_XQbIVQoos2M8o5-9GdcqbBFpO29Kdsz9ORpa2mZBSzF3uN0ODF8Tb8Ig0FM_jp6aSOeTaUR-tVzN-ZYsiTsgBp8Om4kdvHK0Vmihl6L66Q_7noBuPuj57pZAcn8ib5-TEoAr2LyKsZoApEASlfHDEbROeTR7dfrQt0Ie1xdBmOmHe0cB9c8pIlO_j8rLzTtqRgSU8MSRZ8-nH-dTMEcMk3WWcCBxIg&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2F%3Futm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DIzRIAq5rAQB4pHV2RCXoMQ
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=l2DUzooLNkIeA2ektnc_WcT8oQo0kfPdwt0YnzNEL7E5pKP2s7LVazzHmSwjO9Nr0eJJnDVXU6DKCVrUznqMB4ARDaYVNcfZVD5aDRyO31OB-vVNx9V67XiAa04_HGkRYZqM2LaA1LIv4VoGAWMDUtASdaWT6a1xDgwtT7GznlkF_60SSLDYxiBNOm5JgRYMcUzUxL4MwkksXNsKBWJ-LFjP-7HYujmoDJj_AjJN6Q0KHbiPDCM7lcLkIWwYNcdGYPQUEHAelt3I_tR3UOOY6o0yrYyNe90sr4yAjH3U-RNQIDmt_8-I3qaL128TjU_7H95pNHJBHwNCqF9UIeSZrmu8OH68x3Sd3nZurLPWRWG2NtqKYUjIsNjbNRcDNP4D-dIHFdrlbz_NB0MIGg5WS0xsYlit2DVZl4Bj4CUvTm8ald_PGAzX8LbElsP3QGNGuKDcQ27O3_MMWw01xHmIqy_GjCQDxAOssoHoB9bZLtFK1TXNCkNn4UJEOMOscGig61v1_fKutzRdXwnCOKVi55gd5MY&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE460125-000%3FcolorCode%3DCOL11%26sizeCode%3DSMA004%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DEpSsva5rAQBd85vvDS3Tnw
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=8fX23IoLNkIeA2ektnc_WcT8oQo0kfPdwt0YnzNEL7E5pKP2s7LVazzHmSwjO9Nr0eJJnDVXU6DKCVrUznqMB4ARDaYVNcfZVD5aDRyO31OB-vVNx9V67XiAa04_HGkRYZqM2LaA1LIv4VoGAWMDUtASdaX-e44Im9kadrhSWitcTN2OzOIgeF18mzH496xkXiKCoAB7oVpaTlEoe5-X3-GG5iL1xQkNLWAg7TFikOev1Buhk0eLpXdTRJw0araWTvNdERwQFWRNo-Pc2ljvbBJ6BC74koWaN_C2BCIe1lUGkcxFEKxNoWT_9C9KJwbPV1iAGmmuP97D0YQ3Nu6lZN-7W8HfltRYphDWQJ_Edd_c_yfBMU6vVHYIhABGIcDNuo-9bL03a9_-f71xgelmpRguIHBBWEWu2UTurCWJXjnwJRMH36Hw8oNeA003L_bhju5VeKCcOKodO3goZiqoGAsRl4946cTFaOnvidx9UndJP_9oJ5Eu8t5ATMMxR3zylGcyAlzGgKktGIuc1hx_emIsPPU&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE424873-000%3FcolorCode%3DCOL58%26sizeCode%3DSMA008%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DYihVja5rAQAC1FqJOOPqcg
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=s3SR3ooLNkIeA2ektnc_WcT8oQo0kfPdwt0YnzNEL7E5pKP2s7LVazzHmSwjO9Nr0eJJnDVXU6DKCVrUznqMB4ARDaYVNcfZVD5aDRyO31OB-vVNx9V67XiAa04_HGkRYZqM2LaA1LIv4VoGAWMDUtASdaU2H2Wp8xLlIB6SggHOy4vvfJP-UE0_MWF1z0p6LP0E16lAGJz1rFQu_Z3rBzk20CCWZHhHOorDV0LNM0jYMW0s8oXniQsGM684WFTZfCr0Ex-h3K81bks_fEWmXPjIxJUMaZzpP0EI1iJwJp72AdaSaoMLSiTsurszndWKHsPpcqCqlL8_4M2Vnr6FV7WjpDuKIVtVCDSRfTR2lIRE4GbeztAIhVVykDCAmh1xxBq2h6ZPTkIdwbyEtUqaKWkXsKdbp593CdjZGYEc-xEvO8i3T_AIdphaLWqsKQLpMk3Dr_YyuWf2owY25QQXAtrUjoab_dZCiOuJC_-piwumr2oJ5TCrITgXu3E9v2rKLegLr5g_MbBCmduVhiX4eMkxqU4&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE461185-000%3FcolorCode%3DCOL09%26sizeCode%3DSIZ999%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DEd7iua5rAQAIrV9kf5JpLw
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=eqtZEYoLNkIeA2ektnc_WcT8oQo0kfPdwt0YnzNEL7E5pKP2s7LVazzHmSwjO9Nr0eJJnDVXU6DKCVrUznqMB4ARDaYVNcfZVD5aDRyO31OB-vVNx9V67XiAa04_HGkRYZqM2LaA1LIv4VoGAWMDUtASdaX95Y4udRnJEQvlcEQkKT53IbV0_1dvFx1xCcMZBaOtvL4CoW989OufPFqhHKvSwF0E9ufWpkiQbVZ9rhfenhCIlIp2t_N2CyJFdLPwVjawgMfbLL41GQ3fDbAU4SjiuvEyqH5Uvo0eKmMAsoh5NUAuZYq8vgSeigusdY9pjqnly9ei7AQXInu2HKC23GgoBt8eJA-6lVHP4NB9Rh3EWElxzHBfN4aKFZNcJ8RB3O1FOclVDOeF8TjhH4pnnQE19uov8jzWnPAxWRMXOCMGwe1ZlTRba81LxDHsfO6elZwlFjdgHr5h-0LdAiT8ekFaCse3iXn8khpUvjdTe--DHwMa0QRAJs53lgkmBw8dNggm2SqcHc0xQ153QQIvW2fPl6c&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE455850-000%3FcolorCode%3DCOL68%26sizeCode%3DCMC120%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DKYNITK5rAQBteuRNg6uekw
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=F7qBYYoLNkIeA2ektnc_WcT8oQo0kfPdwt0YnzNEL7E5pKP2s7LVazzHmSwjO9Nr0eJJnDVXU6DKCVrUznqMB4ARDaYVNcfZVD5aDRyO31OB-vVNx9V67XiAa04_HGkRYZqM2LaA1LIv4VoGAWMDUtASdaVBtbQ66afNtcP4JgXNGYSSH_a9YUS8oCQoQIBB6h7hZ8l_z1Thg26CSeq-gfugWmtKLT9j_y905qBBYaR7RrYe-KUKl4WlEA05g6fFOI2TDsnC80-PaghLT0wqak8xb0OhOb2xYhWb5eua9lX1VvOOgS_MFasc29YgmLY3m3JVuQB4LTh4cEEhGGIl_r16Rke89SZvLLrWTiis_o_ugATUibFpQj6l0q9lrreDlpFtku6k0bHRb9RmJ_9oMtWxARs8oBX1l8QK1sljXVGgjQw1X8Q1Nd84Kg-nhWDEDsqPcbJ707E2WmJp31GefYsVEd4Eolw95B82_fSgvN8-46tVnHnPlV8EXTBfUVcMvotI8I-wg1EdRkdfMwmeMuzJXjo&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE462375-000%3FcolorCode%3DCOL26%26sizeCode%3DSMA003%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DbsugLa5rAQCQbPBqJswlMQ
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=_jNHF4oLNkIeA2ektnc_WcT8oQo0kfPdwt0YnzNEL7E5pKP2s7LVazzHmSwjO9Nr0eJJnDVXU6DKCVrUznqMB4ARDaYVNcfZVD5aDRyO31OB-vVNx9V67XiAa04_HGkRYZqM2LaA1LIv4VoGAWMDUtASdaULSVxNes1cTK9Wk64nssVgqL31pIJpt_hJ44HuHcnN0yQcIeXHhPj_J3a8Af-giuOVQtUNYh_aCHMQOmzVHzxRnx2q1DgeVu_ppNgxrs6QP55vbi8YncH55HrsRG9YIF1RqFNAVgFeojIzfG8vLLcBsHU5NT-kY-TpnKyz60GvWPXGmQCiQ_40jIDMXCPionniqW-j6H_OhKTVIWQZcfYztX8RL4lObMJvLWVXrzmghjn8s7CIFC50yjGOPC9sPD3ZVP8qzP1ghVL70ZxuhsakevX9tm1jzSmGJ5TXyF-VmwOBTsdmtWWqpmz66qglrTIkylUgC88PB7W3tQU3pzjntDDqKkG9M-_-f5AgNbjZgQj-jOZv66RXuhVVaQeGcgQ&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE460072-000%3FcolorCode%3DCOL66%26sizeCode%3DCMC120%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3Df5pSZq5rAQBX3iaZLrkplQ
https://cat.sg1.as.criteo.com/delivery/ck.php?cppv=3&cpp=nNL7BooLNkIeA2ektnc_WcT8oQo0kfPdwt0YnzNEL7E5pKP2s7LVazzHmSwjO9Nr0eJJnDVXU6DKCVrUznqMB4ARDaYVNcfZVD5aDRyO31OB-vVNx9V67XiAa04_HGkRYZqM2LaA1LIv4VoGAWMDUtASdaUZ-wi_qNnaBVR2rmhLWAz34Dccs4Nk7JyJSidWykarxoTQlCJN6RnNaQzQ49cqnUts8djn59LAKphne8GeTWePnn9L8LCnwRPOXqrQ_ZPOaeoKyvlT8r9xUVklnAiJ9fMf6XGOEBGEAGPb27kH13cqXkoAGRkRqgzRbVZKRlBVLVx9XwLdlI-nYMe6f4Fq2lflJXjpJPsYIj--thkH-zXZE936ZlH9R5mXZd47NgqZf-bXA-BdYcGgXV9FS9J2w01fgnTJtOui0LceHUbzeHd6AYhcTq98ZxWPCi_djacJFY4HV6ZMrPO_gzn7bzbShMQ2VriE-sKilbHMg0n-3qeWJhw4JUHzYl3BvZCeXGtzZObPlKlGOyT67p4Pqyk3i8A&maxdest=https%3A%2F%2Fwww.uniqlo.com%2Fid%2Fid%2Fproducts%2FE461129-000%3FcolorCode%3DCOL69%26sizeCode%3DSMA003%26utm_source%3Duqid_Criteo_CONV_aisensum%26utm_medium%3DDisplay%26utm_term%3D%26utm_campaign%3DRTG24hrs%26utm_content%3D24Hr%26nodeeplink%3D1%26cto_pld%3DfwST0q5rAQC6A22WxYOyyw
https://privacy.as.criteo.com/adchoices?cppv=3&cpp=dTYNnVlkr0iookilNJMXtcjpIfXK85AQouYQIL1uoDyd2Abf299eRctjg9j0AkcM7rdBH4CgmNAHb2cG8gbnxl8cPlD5DpnW8B_r9eao-4d5T44KYIysEkGa6xzTIw6HpIAOUj4PgFiS75sSLUqRvxrn_vo


12/6/23, 1:54 PM Materials Science Forum

https://www.scimagojr.com/journalsearch.php?q=28700&tip=sid&clean=0 3/10

received by a journal and the importance or prestige of
the journals where such citations come from It

measures the scienti�c in�uence of the average article
l h l h l b l

Year Documents
1999 1034
2000 1471

Citations per document

This indicator counts the number of citations received

by documents from a journal and divides them by the
total number of documents published in that journal.
The chart shows the evolution of the average number

of times documents published in a journal in the past
two, three and four years have been cited in the current
year. The two years line is equivalent to journal impact
factor ™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 1999 0.575
Cites / Doc. (4 years) 2000 0.536
Cites / Doc. (4 years) 2001 0.534
Cites / Doc. (4 years) 2002 0.539
Cites / Doc. (4 years) 2003 0.564
Cites / Doc. (4 years) 2004 0.561
Cites / Doc. (4 years) 2005 0.548
Cites / Doc. (4 years) 2006 0.510
Cites / Doc. (4 years) 2007 0.472
Cites / Doc. (4 years) 2008 0.365

Total Cites Self-Cites

Evolution of the total number of citations and journal's

self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is de�ned as the number of

citation from a journal citing article to articles
published by the same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document

and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External

citations are calculated by subtracting the number of
self-citations from the total number of citations
received by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles

that have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one

country; that is including more than one country
address.

Year International Collaboration

Citable documents Non-citable documents

Not every article in a journal is considered primary

research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial
research (research articles, conference papers and

reviews) in three year windows vs. those documents
other than research articles, reviews and conference
papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years

windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 1999 2431
Uncited documents 2000 2362
Uncited documents 2001 2611
Uncited documents 2002 2620
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The Effect of Horn Beetle Nano Chitosan (Xylotrupes gideon) on the 
Surface Roughness of Glass-Ionomer Cement 
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Abstract. The purpose of this study was to evaluate the effect of adding horn beetle nano chitosan 
(NCH) to Glass Ionomer Cement (GIC) liquid on surface roughness. The evaluation was done before 
and after the addition of NCH and from the length of time soaking in artificial saliva. The disc sample 
with a diameter of 6 mm and a height of 3 mm of  total 40 samples were divided into four groups: the 
GIC control group, GIC modified NCH 0.5%, 1%, and 2%. Each sample was immersed for 24 hours 
and seven days in artificial saliva. Surface roughness before and after immersion was measured using 
the Surtronic S-100 Series Surface Roughness Tester. Data analysis was performed using a one-way 
ANOVA test to determine the effect of adding horn beetle NCH and paired t-test to determine the 
effect of immersion time on the surface roughness of GIC. Although the highest surface roughness 
values were found in sample GIC modified NCH 1% (2.51±0.86 for 24 hours) and in sample GIC 
modified NCH 2% (2.64±0.84 for 7 days), there was no significant differences for both the surface 
roughness with the addition of NCH (p > 0.05) and the length of immersed time (p > 0.05). As the 
conclusion, there is no effect of horn beetle nano chitosan to GIC surface roughness. However, the 
addition of horn beetle NCH presented rougher surfaces after immersion. These experiments can help 
predict the performance of these materials under clinical conditions.  

Introduction 
Glass Ionomer Cement (GIC) is a tooth-colored restorative material used in dentistry. GIC is used 

widely because of its ability to release fluoride which prevents caries, biocompatible, and it has 
similar thermal expansion with tooth structure. On the other hand, GIC is also brittle because it has 
low acid resistance so it’s easy to erode, dissolves, and cause surface roughness, high surface tension 
between components and weak adhesion between components so that the mechanical properties of 
GIC are relatively poor [1]. 

Surface roughness is an irregular surface characteristic of restorative materials and can be a 
retention of plaque accumulation to trigger caries. Glass Ionomer Cement is a restorative material 
that has a fairly high surface roughness value. In its development, the weakness of GIC filling material 
was improved by adding materials that could increase the GIC resistance. Materials added to improve 
the weaknesses of GIC are in the form of metals and resins [2]. Other materials developed to increase 
GIC resistance are chitosan natural materials [3].  

Chitosan is a natural polymer which is very abundant in nature. Chitosan as a natural polymer has 
good characteristics, such as biodegradability, non-toxicity, adsorption, and antimicrobial properties 
because it can inhibit pathogenic bacteria and spoilage microorganisms including fungi, gram-
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positive bacteria, and gram-negative bacteria. Chitosan can be made from insects and crustacean 
animal such as crab and shrimp. The advantage of chitosan natural ingredients compared to other 
materials is that chitosan is a natural material that is easily obtained, has economic value, and its 
activities can be applied in the fields of fisheries, agriculture, industrial environment, beauty, 
pharmacy, health, and food. Chitosan mixed in GIC manipulation can reduce GIC surface tension. 
This occurs when powder mixes with liquid GIC, chitosan’s particle will be involved in increasing 
acid-base reactions with liquid GIC so that more salt bridges and cross-linking are formed. After 
reacting, the chitosan’s particle will be adsorbed on the GIC matrix and fill between the glass 
particles. In addition, it can also increase GIC resistance to erosion due to acidic solutions, thereby 
reducing GIC surface roughness values [4]. 

Indonesia is a country known for its abundant marine products. As a food commodity that has 
economic value, so far, crustaceans are only used for their meat as a mixture for making crackers, 
shrimp paste or animal feed [5]. In addition to shrimp and crabs, insects can be also used as chitosan. 
Insect chitosan is derived from the head, skin or carapace. Insects are the largest group of animals, 
which is about 75% of the total number of living things. Some insects are beneficial but many are 
very harmful because they damage crops and spread disease to humans and livestock. One of the 
insects that is found widely in Indonesia (Bogor, Jawa Barat) and harms humans is horn beetle 
(Xylotrupes gideon) which mostly damages the shoots of coconut plants [5-6]. 

Chitosan modification has been done chemically and physically. Physical modification of chitosan 
is carried out to expand its utilization by changing the particle size of chitosan into nano chitosan. 
Chitosan nanoparticles can increase their ability to form bonds with other chemical substances. The 
development of chitosan into nano-forms can also improve the function of chitosan, one of which is 
inhibiting enamel demineralization [7]. 

Glass Ionomer Cement has a stable compressive strength at 24 hours of hardening. Based on 
previous research conducted by Nicholson, it was proven that the GIC experienced the most effective 
maturation process in compressive strength at a time duration of 7 days was 199.4 ± 12.0 MPa. In 
addition, this study stated that the compressive strength value of GIC at 7 days was 24.8 ± 14.3 MPa 
with the addition of acetic acid 45% in GIC [8]. Therefore, this study will be different from other 
research studies on modification of GIC with other chitosan, namely the manufacture of modified 
GIC samples of nano chitosan Xylotrupes gideon without the addition of acetic acid solvent. 

Materials and Methods 

The research was conducted at the DMT CORE Laboratory, Faculty of Dentistry, Universitas 
Trisakti. Chitosan as raw material medicine formulations derived from demineralization, 
deproteinization, decolorization, deacetylation of exoskeletons Xylotrupes gideon, which has 
undergone physical modifications become nano chitosan [5]. Preliminary research was carried out in 
accordance with the methods listed. Preparation of GIC (GC Fuji Type IX, GC Corporation, Tokyo, 
Japan) without the addition of NCH and GIC with the addition of NCH were carried out. First, GIC 
was prepared without the addition of nano chitosan as a control group (GIC Control). Then the GIC 
group was made with the addition of chitosan where chitosan was added to the liquid GIC in three 
different concentrations, namely 0.5 wt% (GIC+NCH 0.5%); 1wt% (GIC+NCH 1%); 2wt% 
(GIC+NCH 2wt%) were mixed with GIC powder and manipulated manually according to the 
manufacturer's recommendations [9]. 

GIC is manipulated according to the manufacturer's instructions and put under pressure into a mold 
with a thickness and diameter that has been made according to the specification standard. The cement 
is put into the mold with a plastic spatula and compacted with the help of a cement stopper. After 
completely filling the mold, the celluloid strip was pressed onto it with the help of a 2 kg weight for 
5 minutes. After completion, the sample dimensions were measured using a digital caliper. Then, the 
samples were immersed in artificial saliva for 24 hours and 7 days and put in an incubator at 37°C, 
then the dimensions were measured using a digital caliper. 

The total number of samples were 40 samples which were made in pairs for 24 hours and 7 days 
immersed time. Each sample was made using mold with diameter of 6 mm and thickness of 3 mm, in 
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accordance with the ISO 9917-1:2007 standard. The surface roughness test was carried out on 40 
samples which were divided into eight groups, namely the 24 hours immersion group consisting of 
GIC Control, GIC+NCH 0.5 wt%, GIC+NCH 1 wt%, GIC+NCH 2 wt% groups and the 7 days 
immersion group consisting of from GIC Control, GIC+NCH 0.5%, GIC+NCH 1%, GIC+NCH 2% 
groups. The samples were tested using a Surface Roughness Tester. Surface roughness testing was 
carried out using a Surface Roughness Tester (Surtronic S-100 Series) with the same measurement 
area in each test. Measurement of surface roughness was done by placing the sample on a glass plate 
and the sample was fixed using double-sided tape so that its position remains stable during 
measurement. Then the Surface Roughness Tester detector was placed on the specimen at an angle 
of 90˚ and the stylus was placed on the marked end of the specimen. 

Analysis of the mean of each group was performed using SPSS software. The average value of 
each test group was subjected to one-way ANOVA statistical test. For data analysis based on the 
immersion time, a paired t-test would be carried out. 

Results 

Fig. 1 showed there were no statistically significance differences of GIC control group and GIC 
modification nano chitosan group (one-way ANOVA, p > 0.05) and no differences of 24 hours and 7 
days immersed time (paired t-test, p > 0.05). Normality test using the Kolmogorv-Smirnov test 
showed that the data of surface roughness test was 0.200 (p > 0.05). The homogeneity test of surface 
roughness data was 0.152 (p > 0.05). These results showed that the data of surface roughness test 
normally distributed and homogeneous. 

 
Figure 1. Surface roughness value of GIC Control, GIC+NCH 0.5 wt%, GIC+NCH 1 wt%, 

GIC+NCH 2 wt% with 24 hours and 7 days immersion time (p > 0.05, n=10) 
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Discussion 

Glass ionomer cement is a restorative material that is widely used by dentists because of its 
advantages such as minimal preparation, fluoride release, good flexural strength and biocompatible 
with tissues. Disadvantages of GIC are brittle and easily eroded, causing increase in surface 
roughness. Surface roughness in restorations can cause discoloration of fillings and accumulation of 
dental plaque which if left untreated can result in tooth decay and supporting tissue in the long term. 
In addition, the increase in surface roughness also causes susceptibility to microbial colonization 
which can increase the risk of occurrence of oral disease and indications of deterioration of restorative 
materials [10]. 

Glass ionomer cement is a restorative material that will experience changes in surface roughness 
in long-term use due to contamination from saliva and acid [9]. The surface roughness could make 
interaction with bacterial adhesion that still physico-chemically happen from certain distance by the 
attractive forces of van der Waal’s bonding and also the forces of electrostatic repulsive [11]. 
Parameter value for measuring surface roughness used is the average diameter roughness (Ra). 
According to Bollen et al. [11], the critical surface roughness value for bacterial colonization of 
restorative materials is 0.2 μm, if the surface roughness value is above 0.2 μm, it has the potential to 
increase the attachment of bacteria and dental plaque which can increase the risk of caries. which can 
control the surface roughness of the restorative material such as the size, shape, and homogeneity of 
the particles [12]. The larger of the particle size of the materials, the higher results of surface 
roughness.  

According to Bala O et al. [13], a small particle size will produce a lower surface roughness 
compared to a larger particle size. The small particles as in nano measurement give a better ability in 
improving physicochemical properties that already offers advantages in such various applications [5]. 
It was stated in the previous study from Soygun et.al [14] that CH-modified GIC was promising 
candidate fort he future. This GIC modification study with horn beetle chitosan was not polished to 
determine the actual surface roughness value of the restorative materials. Therefore, it is possible that 
the surface roughness value was quite high both on immersion in artificial saliva for 24 hours and 7 
days. There is no significant difference in the statistical analysis test (p > 0.05).  

Study conducted by Tjandrawinata R et al. [10] determined the GIC group that received the coating 
had a greater hardness value that was statistically significantly higher (t-test, p < 0.05) than the GIC 
group with no coating. The hardness may be influence the surface roughness of GIC. To improve the 
physical properties of the GIC, polishing and the application of coating added to the restoration 
surface can be carried out. 

Soygun et al. [14] examined the addition of 5% and 10% CH to GIC liquid did not increase the 
surface roughness of GIC. In a study by Silva and Zuanon [15] which evaluated surface roughness 
values after hardening of four different traditional GICs used in Atraumatic Restorative Treatment 
(ART), it was reported that with the exception of the Vitro molar GIC group, all the other groups had 
roughness values below the clinically accepted Ra value determined by Bollen et al [11]. The mixture 
between CH and GIC could happen from hydroxyl and acetamide group of CH that form hydrogen 
bonds with powder’s hydroxyl groups and polyacrylic acid’s carboxylic acid group. The interfacial 
tension could be reduce and later it could improve the mechanical properties of GIC. The lowest Ra 
values of GIC could lead mixture to become homogenous from their chemical bonding [16]. 
Sharafeddin, et.al. stated that the CH solution is a water-soluble cationic polyelectrolyte since the 
amine groups are protonated and charged positively. It can also be called as strong base due to its 
amino group, which the NH2 group of CH and the functional group of the GIC (OH group and C = O 
group) could interact as their reaction mechanism. If CH concentration is increased then its molecules 
could react with each other instead of reacting with the GIC components [16].  
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Conclusion 

In this in-vitro study, GIC modified nano chitosan was produced with the addition of nano chitosan 
horn beetle (Xylotrupes gideon) to Glass Ionomer Cement (GIC). The surface roughness results of 
GIC in artificial saliva of this study are presented that there were no statistically significance 
differences between control group and modification group. These materials under clinical conditions. 
A protective action against the carious process with significant surface damage due to erosion may 
be expected. 
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